
(19) United States 
US 2008O152330A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0152330 A1 
Camm et al. (43) Pub. Date: Jun. 26, 2008 

(54) ENHANCEDRAPID THERMAL PROCESSING Publication Classification 
APPARATUS AND METHOD (51) Int. Cl. 

(76) I t Dave C V. (CA) F26B 9/00 (2006.01) ViOS ave Ulamm, Vancouver 
Mike Krasnich, Richmond (CA); (52) U.S. Cl. ........................................................ 392/418 
Miaden Bumbulovic, Vancouver (57) ABSTRACT 
(CA); Sergiy Dets, Richmond A heating arrangement heats a first major Surface of a work 
(CA); Steve McCoy, Buraby (CA) piece with an illumination energy Such that a first portion of 

the illumination energy is directly incident upon the first 
Correspondence Address: major Surface of the workpiece and a second portion of the 
PRITZKAU PATENT GROUP, LLC illumination energy is directed Such that, at least initially, the 
993 GAPTERROAD second portion would miss the first major Surface. A reflector, 
BOULDER, CO 80303 having a central opening, reflects at least Some of the second 

portion of the illumination energy onto the peripheral edge 
(21) Appl. No.: 11/622,712 region of the workpiece for preheating compensation. The 

reflector is configured for shadow-free exposure of a second, 
(22) Filed: Jan. 12, 2007 opposing major Surface of the workpiece to a flash heating 

energy. A workpiece manipulation arrangement is described 
O O to provide for dynamic preheating movement to vary a heat 

Related U.S. Application Data ing profile across the workpiece and, thereafter, move the 
(63) Continuation of application No. 1 1/228.964, filed on workpiece to a flash heating position. Automatic workpiece 

Sep. 17, 2005, now Pat. No. 7, 184,657. centering is featured by the manipulation arrangement. 

-10 



Patent Application Publication Jun. 26, 2008 Sheet 1 of 9 US 2008/O152330 A1 

  



US 2008/O152330 A1 Jun. 26, 2008 Sheet 2 of 9 Patent Application Publication 

W. 
  



Patent Application Publication Jun. 26, 2008 Sheet 3 of 9 US 2008/O152330 A1 

157 

156 

14' 

160 

  



Patent Application Publication Jun. 26, 2008 Sheet 4 of 9 US 2008/O152330 A1 

120 

FIG.4 

  



Patent Application Publication Jun. 26, 2008 Sheet 5 of 9 US 2008/O152330 A1 

  



Patent Application Publication Jun. 26, 2008 Sheet 6 of 9 US 2008/O152330 A1 

  



US 2008/O152330 A1 Jun. 26, 2008 Sheet 7 of 9 Patent Application Publication 

  



US 2008/O152330 A1 Jun. 26, 2008 Sheet 8 of 9 Patent Application Publication 

    

  



Patent Application Publication Jun. 26, 2008 Sheet 9 of 9 US 2008/O152330 A1 

41 500 

ROBOT LOADS WORKPIECE 502 
ONTO LIFT FINGERS 

W 

LOWERWORKPIECE 504 
AND CENTER 

W 

ENTER PREHEATING 506 
MODE 

W 

PREHEAT WITH DYNAMIC 508 
POSTIONAL RELATIONSHIP 

ADJUSTMENT 

W 

LOWERWORKPIECE ONTO 516 
SUPPORT PNS 

W 

FLASHWORKPIECE u1518 
W 

TURN OFF BOTH 520 
HEATING ARRANGEMENTS 

522 
W 

RE-CENTER AND RAISE 
WORKPIECE 

FIG.10 

  



US 2008/O152330 A1 

ENHANCEDRAPID THERMAL PROCESSING 
APPARATUS AND METHOD 

0001. This application is a continuation application of 
copending U.S. patent application Ser. No. 1 1/228,964 filed 
Sep. 17, 2005, the disclosure of which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention is generally related to the field 
of Rapid Thermal Processing and, more particularly, to tech 
niques and apparatus for enhancing uniformity in Rapid Ther 
mal Processing. 
0003. The prior art has developed a number of approaches 
in the use of Rapid Thermal Processing (RTP) for purposes of 
producing state-of-the-art devices. Such devices include, for 
example, semiconductor chips, Solar cells and nanoparticle 
materials. RTP has been found to be particularly useful fol 
lowing ion implantation processes applied to a Substrate or 
workpiece, in which the implanted dopant atoms are left in 
interstitial sites where they are electrically inactive. RTP is 
applied with the intention of repairing the damage to the 
crystal lattice structure and to move dopants to lattice sites to 
electrically activate these dopants. 
0004 One form of RTP essentially uses isothermal heat 
ing in which radiant energy is applied for a time duration and 
at a cooperating intensity so as to cause the temperature of the 
workpiece to rise at least approximately uniformly through 
out the bulk of the workpiece thickness. Thus, this form of 
isothermal RTP may be referred to as “isothermal RTP and 
is generally characterized by treatment time durations on the 
order of seconds. 
0005. As device sizes and junction depths have progres 
sively decreased with Successive generations, difficulties 
have come to light with respect to the use of isothermal RTP. 
In particular, at the high temperatures that cause the desired 
dopant activation, it has been found that diffusion mecha 
nisms come into play which cause the dopant impurities and 
other species to diffuse from their intended positions within 
the overall device structure. Such diffusion can result in 
impaired functionality of the device, in view of reduced fea 
ture sizes. 
0006 Concern with respect to undesired diffusion effects 
has motivated the development of what may be referred to as 
millisecond or flash RTP. This more recent approach to RTP 
is characterized by heating the workpiece in a way that delib 
erately produces a temperature gradient through the thickness 
of the wafer or workpiece. One highly advantageous 
approach is described in U.S. Pat. No. 6,594.446 entitled 
HEAT TREATING METHODS AND SYSTEMS, which is 
incorporated herein by reference in its entirety. The time 
duration, for purposes of millisecond RTP is from 0.1 ms to 
20 ms. The premise of millisecond RTP resides in flash heat 
ing the device side of the workpiece briefly so that the bulk of 
the workpiece remains cooler. In this way, the bulk of the 
workpieces acts as a heat sink, following flash heating of the 
device side of the workpiece. Such an implementation is 
effective when the time period of the flash heating is consid 
erably faster than the thermal conduction time of the work 
piece. 
0007 Thus, millisecond RTP reduces dopant diffusion by 
limiting both the time at which temperature is sufficiently 
high to enable diffusion, in conjunction with limiting the 
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Volume of workpiece that is heated to Such high temperature. 
Of course, pulsed RTP may be used in what may be consid 
ered as a hybrid form with isothermal RTP. for example, by 
heating the workpiece to an intermediate temperature and 
then applying pulsed energy as is taught in U.S. Pat. No. 
6,849,831 which is incorporated herein by reference. 
0008. In addition to the aforedescribed difference with 
respect to diffusion effects, each form of RTP introduces 
other unique problems and opportunities with respect to its 
application. For example, with respect to isothermal RTP. 
heating uniformity is a concern, particularly for the reason 
that peripheral edges of the workpiece tend to lose energy 
more rapidly than the central portion of the workpiece. The 
edge region, therefore, tends to remain cooler than the center 
of the workpiece. As an example with respect to millisecond 
RTP. surface heating is intended to be essentially instanta 
neous. Therefore, pulse parameters must be carefully deter 
mined in advance to produce an intended result and there is 
generally no opportunity to influence the process result, once 
the pulse has been initiated. In contrast, it is recognized that 
edge cooling, in millisecond RTP, is generally of limited 
concern, since heating rates are generally extremely high in 
comparison with the rates of radiative losses or conduction 
and convection heat losses from the workpiece to the ambient 
gas in the treatment chamber. 
0009. With the foregoing in mind, U.S. Pat. No. 4,981,815 
(hereinafter the 815 patent) provides one example of isother 
mal RTP which attempts to resolve the problem of edge 
cooling. In one approach, that is illustrated by FIG. 7 of the 
815 patent, a heating arrangement is used that employs one 
heat source in a confronting relationship with a major Surface 
of the workpiece and another, separate heat source in a con 
fronting relationship with the peripheral edge of the work 
piece. It is Submitted that this approach may be unduly com 
plex in its need for an additional heat source that requires 
precision control. As one alternative, FIG. 6 of the 815 patent 
illustrates a reflector that is situated around the peripheral 
edge of the workpiece for returning thermal energy that is 
radiated from the peripheral edge of the workpiece. In this 
regard, it is of note that the prior art contains many examples 
based on reflecting thermal energy that is radiated from the 
workpiece back to its peripheral edge. It is considered that 
this approach is generally problematic for the reason that the 
radiated energy that is returned is simply not sufficient to 
compensate for the edge cooling effect caused by a combina 
tion of radiative, conductive and convective heat loss. 
0010. Another isothermal RTP approach is illustrated by 
FIG. 10 of the 815 patent, which uses a heating arrangement 
in a confronting relationship with a major Surface of the 
workpiece, housed within a reflective box. The workpiece is 
movably positioned on Support pins relative to a bottom wall 
of the reflective box such that varying the height of the work 
piece, relative to the bottom reflective wall, allows a varying 
amount of reflected heat source energy to reach the bottom, 
peripheral edge region of the workpiece. FIG. 11 of the 815 
patent illustrates yet another approach to isothermal RTP 
which is related to the approach of FIG. 10 of the patent at 
least to the extent that the workpiece is supported for move 
ment on Support posts. This movement is assertedly used to 
vary heating of the workpiece edges during the heating inter 
val. Applicants recognize that these Support posts, unfortu 
nately, in isothermal RTP. will generally produce cold spots 
on the opposing Surface of the workpiece. The patent, how 
ever, does not address this problem, as will be further dis 
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cussed at an appropriate point below. Further, the reflective 
surface extends under the wafer and it is considered that this 
reflector would interfere with a double-sided heating imple 
mentation. 
0011 U.S. Pat. No. 4,560.420, issued to Lord, includes 
one embodiment that is deemed as suitable for rapid thermal 
annealing, illustrated in FIG. 5 of the Lord patent. This figure 
illustrates a raised reflective ring that is formed in the oven 
floor and situated directly under the peripheral edge of the 
workpiece. The perimeter wall of the reflective ring is made 
diffusely reflective while the interior, raised surface, that is 
surrounded by the reflective ring, receives a heat-absorptive 
black coating. Assertedly, the interior raised region cools the 
central portion of the workpiece with the intention of reduc 
ing temperature variations across the wafer. Other embodi 
ments disclosed by Lord in FIGS. 2-4 of the patent are 
described as being prone to thermal cycling during heating. 
Hence, it is submitted that they are not well-suited for use in 
RTP processes, since these configurations will absorb energy 
from the heating arrangement and continue to reradiate ther 
mal energy onto the workpiece edge, even after the heating 
arrangement is shut down. More particularly, the embodi 
ment of FIG. 2 relies exclusively on the mechanism of return 
ing thermal energy, that is radiated therefrom, to the work 
piece edge, in conjunction with the mechanism ofreradiating 
heat Source energy. The latter mechanism is performed by 
absorbing energy from the heating arrangement, using at least 
one surface that is parallel with the major surfaces of the 
workpiece, and reradiating this energy from a Surface that is 
in a confronting relationship with the peripheral edge of the 
workpiece. That is, there is no mechanism for producing 
reflection of the heat source energy onto the peripheral edge 
of the workpiece. 
0012 Still considering the Lord patent, it is of interest to 
note that the embodiments of FIGS. 3-5 are inherently limited 
to use in single sided workpiece heating configurations. That 
is, the reflector/radiator structures that are shown are opaque 
and located directly underneath the peripheral edge of the 
workpiece. Such structures would introduce problematic 
shadowing if any attempt were made to illuminate the bottom 
surface of the workpiece, as illustrated in the views of these 
figures. 
0013 The present invention is considered to resolve the 
foregoing difficulties and concerns while providing still fur 
ther advantages. 

SUMMARY OF THE INVENTION 

0014. An apparatus for processing at least one workpiece 
and associated method are described. The workpiece includes 
opposing first and second major Surfaces Surrounded by a 
peripheral edge which defines a workpiece diameter Such that 
the first and second opposing Surfaces cooperate with the 
peripheral edge to define a peripheral edge region. In one 
aspect of the present invention, the workpiece is received in a 
chamber interior of a processing chamber. A heating arrange 
ment is in thermal communication with the chamber interior 
and in a confronting relationship with the first major Surface 
for emitting an illumination energy Such that a first portion of 
the illumination energy is directly incident upon the first 
major Surface of the workpiece and a second portion of the 
illumination energy is directed Such that, at least initially, the 
second portion would miss the first major Surface. A reflector 
is Supported in the chamber interior having an at least gener 
ally annular configuration thereby defining a central opening 
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with an opening width, for any given measurement thereof, 
that is greater than the workpiece diameter, and the reflector is 
arranged, at least generally, in a concentric relationship with 
the peripheral edge and configured for reflecting at least some 
of the second portion of the illumination energy onto the 
peripheral edge region of the workpiece. 
0015. In another aspect of the present invention, an appa 
ratus and associated method are described for heat treating at 
least one generally planar workpiece having opposing first 
and second major Surfaces Surrounded by a peripheral edge 
configuration Such that the first and second opposing Surfaces 
cooperate with the peripheral edge configuration to define a 
peripheral edge region. The workpiece is received in a cham 
berinterior that is defined by a processing chamber. Aheating 
arrangement is in thermal communication with the chamber 
interior and in a confronting relationship with the first major 
Surface for emitting an illumination energy Such that a first 
portion of the illumination energy is directly incident upon 
the first major Surface of the workpiece and a second portion 
of the illumination energy is directed Such that, at least ini 
tially, the second portion would miss the first major Surface. A 
reflector arrangement, Supported in the chamber interior, 
includes a shape that is complementary with respect to the 
peripheral edge configuration of the workpiece so as to define 
a complementary reflector configuration with the reflector 
arrangement, and the workpiece being mutually Supported in 
a way which aligns the complementary reflector configura 
tion with the peripheral edge configuration of the workpiece 
in a spaced-apart relationship therewith for causing at least 
part of the second portion of the illumination energy to be 
reflected by the complementary reflector configuration and 
to, thereafter, be incident around and onto the peripheral edge 
region of the workpiece and a projection, of at least the 
complementary reflector configuration onto a plane which 
includes the first major Surface, is complementary to and 
outwardly spaced away from the peripheral edge configura 
tion by at least a predetermined distance. 
0016. In still another aspect of the present invention, an 
apparatus and associated method are described for heat treat 
ing at least one wafer-shaped workpiece having opposing first 
and second major Surfaces delimited by a peripheral edge. 
The workpiece is received in a chamber interior that is defined 
by a processing chamber. A first heating arrangement is in 
thermal communication with the chamber interior in a con 
fronting relationship with the first major Surface for emitting 
a first illumination energy during a first heating mode, at least 
a first portion of which first illumination energy is directly 
incident on the first major surface. A second heating arrange 
ment is in thermal communication with the chamber interior 
in a confronting relationship with the second major Surface 
and, in cooperation with emitting the first illumination 
energy, for emitting a second illumination energy that is 
directly incident on the second major Surface, during a second 
heating mode. A reflector, Supported in the chamber interior, 
includes an annular configuration for reflecting a second por 
tion of the first illumination energy, that would otherwise at 
least initially miss the first major Surface, so as to be surround 
ingly incident on a peripheral edge region of the workpiece, 
proximate to the peripheral edge, and providing for a Substan 
tially shadow-free illumination of the second major surface 
by the second illumination energy at least during the second 
heating mode. 
0017. In yet another aspect of the present invention, an 
apparatus and associated method are described for heat treat 
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ing at least one wafer-shaped workpiece having opposing first 
and second major Surfaces Surrounded by a peripheral edge. 
The workpiece is received in a chamber interior that is defined 
by a processing chamber. A first heating arrangement is in 
thermal communication with the chamber interior for emit 
ting a first illumination energy in a confronting relationship 
with the first major Surface during a first heating mode, a first 
portion of which first illumination energy is directly incident 
on the first major Surface and a second portion of which, at 
least initially, would miss the first major Surface. A second 
heating arrangement is in thermal communication with the 
chamber interiorina confronting relationship with the second 
major Surface and, in cooperation with emitting the first heat 
ing arrangement, for emitting a second illumination energy, 
during a second heating mode, that is directly incident on the 
second major Surface. A reflector arrangement is supported in 
the chamber interior, having an overall shape that is comple 
mentary with respect to the peripheral edge configuration of 
the workpiece so as to define a complementary reflector con 
figuration for reflecting at least some of the first illumination 
energy around and onto the peripheral edge region of the 
workpiece with the reflector arrangement and the workpiece 
being mutually Supported in a way which aligns the comple 
mentary reflector configuration with the peripheral edge con 
figuration of the workpiece in a spaced-apart relationship 
therewith and to cooperatively provide for substantially 
shadow-free illumination of the second major surface by the 
second illumination energy, at least during the second heating 
mode. 

0018. In a continuing aspect of the present invention, an 
apparatus and associated method are described for heat treat 
ing at least one Substrate having opposing first and second 
major Surfaces which define a configuration of lateral extents 
of the substrate that is delimited by a peripheral edge con 
figuration. The workpiece is received in a chamber interior 
that is defined by a processing chamber. A first heating con 
figuration is in thermal communication with the chamber 
interior for emitting a pre-heating irradiance for inducing a 
bulk temperature rise of the workpiece progressively during a 
preheating interval Such that changing a relative positional 
relationship, between the Substrate and the first heating con 
figuration, changes an intensity profile of the pre-heating 
irradiance across the lateral extents of the substrate. A 
manipulation arrangement is provided for elevationally mov 
ing the Substrate and/or reflector during the preheating inter 
Val to change the intensity profile of the pre-heating irradi 
ance across the lateral extents of the substrate in a way which 
enhances uniformity of the bulk temperature increase across 
the configuration of lateral extents of the substrate and for 
moving the Substrate to a treatment position at a treatment 
station for exposure to a flash irradiance. A second heating 
configuration is in thermal communication with the chamber 
interior for emitting the flash irradiance to produce a Substan 
tially instantaneous increase in a surface temperature of a 
selected one of the first and second major surfaces of the 
substrate. 

0019. In an additional aspect of the present invention, an 
apparatus and associated method are described for manipu 
lating a substrate that is to be exposed to a treatment process 
at a treatment station Such that the Substrate, at least poten 
tially and responsive to the treatment process, can move to an 
offset position from a desired, treatment position at the treat 
ment station. The Substrate includes a peripheral edge con 
figuration. A manipulation arrangement is configured and 
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used for movement (i) in a centering mode, with the Substrate 
located on the treatment station, between a disengaged posi 
tion, that is withdrawn from the Substrate, and an engaged 
position for use in contacting the Substrate such that move 
ment from the disengaged position to the engaged position 
causes the substrate to move from the offset position to within 
a centering tolerance from the treatment position and (ii) for 
movement in a lifting mode to elevationally move the Sub 
strate between the treatment station and at least one elevated 
position above the treatment station. In one feature, the Sub 
strate includes a peripheral edge configuration and the 
manipulation arrangement, in the disengaged position, is 
withdrawn from the peripheral edge configuration by a pre 
determined distance and, in the engaged position, the 
manipulation arrangement engages the peripheral edge con 
figuration of the substrate to move the substrate from the 
offset position to within the centering tolerance of the treat 
ment position. 
0020. In another aspect of the present invention, an appa 
ratus and method are described for manipulating a substrate 
that is to be exposed to a treatment process at a treatment 
station Such that the Substrate, at least potentially and respon 
sive to the treatment process, can move to an offset position 
from a desired, treatment position at the treatment station. 
The Substrate includes a peripheral edge configuration. A 
manipulation arrangement is configured and used for move 
ment, with the Substrate located on the treatment station, 
between a disengaged position, that is withdrawn from the 
peripheral edge configuration of the Substrate by a predeter 
mined distance, and an engaged position for use in engaging 
the peripheral edge configuration Such that movement from 
the disengaged position to the engaged position causes the 
Substrate to move from the position to within a centering 
tolerance from the treatment position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The present invention may be understood by refer 
ence to the following detailed description taken in conjunc 
tion with the drawings briefly described below. 
0022 FIG. 1 is a diagrammatic view, in elevation, of a 
thermal treatment system that is produced in accordance with 
the present invention. 
0023 FIG.2a is a partial diagrammatic cut-away view, in 
elevation, of a reflector arrangement that is usable in the 
treatment system of FIG. 1. 
0024 FIG. 2b is a diagrammatic elevational view of a 
frustoconical reflector configuration, that is usable in the 
reflector arrangement of FIG.2a, shown in relation to a work 
piece. 
0025 FIG. 2c is a diagrammatic plan view of an upper 
compensator, which forms part of the reflector arrangement 
of FIGS. 1 and 2a, shown here to illustrate details with respect 
to its positional relationship with a workpiece. 
0026 FIG. 2d is a diagrammatic view, in perspective, 
showing a rectangular-shaped workpiece and a complemen 
tary configured reflector Surface. 
0027 FIG.3 is a partially cut-away view, in perspective, of 
a segmented compensator that is usable in the reflector 
arrangement of FIG. 1. 
0028 FIG. 4 is a diagrammatic plan view of a manipula 
tion arrangement, that is used in the system of FIG. 1, shown 
here to illustrate further details with respect to its relationship 
to a workpiece. 
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0029 FIG. 5 is a perspective view of a manipulation mod 
ule, a number of which are spaced around the periphery of a 
workpiece, to form the manipulation arrangement of FIGS. 1 
and 4. 
0030 FIG. 6 is another perspective view of the manipula 
tion module of FIG. 5, shown here to illustrate further details 
with respect to its structure. 
0031 FIG. 7 is a diagrammatic view, in elevation, of the 
manipulation module of FIGS. 5 and 6, shown here to illus 
trate the manipulation module in a retracted or withdrawn 
position with respect to a workpiece. 
0032 FIG. 8a is another diagrammatic view, in elevation, 
of the manipulation module of FIGS. 5 and 6, shown here to 
illustrate the manipulation module in a centering, limit posi 
tion for purposes of returning the workpiece to within a cen 
tering tolerance of a centered position from an offset position. 
0033 FIG. 8b is a further enlarged partial view of a region 
of FIG. 8a, shown here to illustrate details with respect to the 
relationship between a centering finger and lifting arm, which 
form parts of the manipulation module, and the workpiece 
during centering operations. 
0034 FIG. 9 is still another diagrammatic view, in eleva 

tion, of the manipulation module of FIGS. 5 and 6, shown 
here to illustrate the manipulation module in a lifting and 
dynamic movement mode for purposes of varying a heating 
profile across the lateral extents of a workpiece. 
0035 FIG. 10 is a flow diagram which illustrates a highly 
advantageous technique for thermally treating a workpiece in 
accordance with the present invention. 

DETAILED DESCRIPTION 

0036. The following description is presented to enable one 
of ordinary skill in the art to make and use the invention and 
is provided in the context of a patent application and its 
requirements. Various modifications to the described embodi 
ments will be readily apparent to those skilled in the art and 
the generic principles herein may be applied to other embodi 
ments. Thus, the present invention is not intended to be lim 
ited to the embodiment shown but is to be accorded the widest 
Scope consistent with the principles and features described 
herein including alternatives, modifications and equivalents, 
as defined within the scope of the appended claims. It is noted 
that the drawings are not to Scale and are diagrammatic in 
nature in a way that is thought to best illustrate features of 
interest. Further, like reference numbers are applied to like 
components, whenever practical, throughout the present dis 
closure. Descriptive terminology Such as, for example, upper 
most/lowermost, right/left, front/rear and the like has been 
adopted for purposes of enhancing the reader's understand 
ing, with respect to the various views provided in the figures, 
and is in no way intended as being limiting. 
0037 Referring to FIG. 1, an enhanced Rapid Thermal 
Processing system is diagrammatically illustrated and gener 
ally indicated by the reference numeral 10. System 10 
includes an upper chamber portion 12a and a lower chamber 
portion 12b, which may be referred to collectively as chamber 
12, such that at least one workpiece 14 is supported therebe 
tween, as will be further described. Workpiece 14 includes a 
device side 16, facing upward in the view of the figure and a 
backside 18, facing downward in the view of the figure. It is 
to be understood that, while workpiece 14 is represented as a 
semiconductor Substrate or wafer, any suitable type of work 
piece may be utilized, so long as the teachings herein remain 
applicable. Examples of alternative workpieces include, but 
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are not limited to display panels and Solar cell Substrates. 
Moreover, the peripheral edge configuration of the substrate 
is not required to be circular, but may be rectangular or any 
other useful shape. Upper and lower chamber portions 12a 
and 12b may include any desirable configuration of interior 
Surfaces Such as, reflective regions, absorptive regions, either 
of which can be made wavelength selective, as well as any 
useful combinations thereof. In the present example, chamber 
interior Surfaces, aside from windows and otherapertures, are 
all configured as being reflective and, hence, the upper and 
lower chambers may be referred to as reflector boxes, 
although any suitable interior chamber Surface configuration 
can be used. 

0038 A preheating arrangement 20 is disposed below 
workpiece 14, generally in a confronting relationship with 
backside 18 of the workpiece, while a flash heating arrange 
ment 22 is disposed in a confronting relationship with device 
side 16 of the workpiece. Preheating arrangement 20 may be 
comprised of any Suitable heating source for emitting a pre 
heating irradiance 24 that is capable of inducing a rapid, but 
uniform bulk temperature rise of workpiece 14, in view of the 
thermal characteristics of the workpiece, to heat the work 
piece to an intermediate temperature. That is, the workpiece is 
preheated at a rate, and during a corresponding time interval, 
that is slower than a thermal conduction time through the 
workpiece. The heating rate to the intermediate temperature 
may be in the range from approximately 100° C. per second to 
400° C. per second to achieve an intermediate temperature in 
a range from approximately 400° C. to 1250° C. It is noted 
that preheating irradiance 24 passes through a window 26, 
described in further detail below, to enter chamber 12a. In the 
present example, preheating lamps are used, one of which is 
indicated by the reference number 28, to provide preheating 
irradiance 24, as will be further described. 
0039 Flash heating arrangement 22 is configured for 
exposing device side 16 of the workpiece to an irradiance 
flash 30 having a duration that is substantially less than a 
thermal conduction time of the workpiece using, for example, 
a plurality of flash lamps, one of which is indicated by the 
reference number 32. Any Suitable flash heating arrangement 
may be used for purposes of providing irradiance flash 30. 
Irradiance flash 30 enters chamber 12 through a window 34, 
which will be described in further detail below. The device 
side temperature, responsive to irradiance flash 30, may reach 
a temperature in a range from approximately 1050° C. to a 
temperature that is close to the melting temperature of silicon, 
for example, on the order of 1410°C. It is noted that the 
preheating and flash heating arrangements may use, for 
example, arc lamps such as those described in U.S. Pat. No. 
6,621,199 or in U.S. patent application Ser. No. 10/777,995, 
both of which are commonly owned with the present appli 
cation and are incorporated herein by reference. It is noted 
that such lamps are available from Mattson Technology 
Canada, Inc. of Vancouver, Canada. As one example of an 
alternative configuration, with respect to the flash heating 
arrangement, a microwave pulse generator can be used to 
produce the irradiance flash in the form of microwave energy. 
Irrespective of the specific details with respect to the type of 
energy source that is employed, preheating arrangement 20 
and flash heating arrangement 22 are cooperatively operated 
to modify the device structure. This may move dopant atoms 
in the workpiece to substitutional sites in the crystal lattice 
structure, in order to render the dopant atoms electrically 
active, while avoiding significant diffusion of the dopant 
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atoms within the device structure. In addition, this processing 
may be used to modify defect densities, crystal structure or 
many other properties. 
0040 Windows 26 and 34 may comprise water cooled 
windows as described, for example, in U.S. Patent Applica 
tion Publication no. 2002/0102098, entitled HEAT-TREAT 
ING METHODS AND SYSTEM, which is incorporated 
herein by reference. The use of any suitable window configu 
ration is contemplated, so long as it is Sufficiently transparent 
with respect to the wavelengths that are of interest. 
0041. Still referring to FIG. 1, workpiece 14 is supported 
using a window 100 which receives at least three support pins 
102. Both window 100 and pins 102 are generally formed 
from fused silica. In this regard, it is noted that fused silica has 
been selected by virtue of an at least approximate transpar 
ency to the wavelengths of interest, that comprise preheating 
irradiance 24, although any suitable material may be used. 
Window 100 is, in turn, supported by a support plate 104 
which can be formed, for example, from water cooled alumi 
num. A manipulation mechanism 120 is disposed Surround 
ing workpiece 14 at least for purposes of placing the work 
piece on Support pins 102 and lifting the workpiece 
therefrom. It is noted that manipulation mechanism 120 may 
be configured to cooperate with a robot, or other Such mecha 
nism (not shown), for purposes of moving the workpiece into 
and out of chamber 12. A number of highly advantageous 
arrangements for use as manipulation mechanism 120 are 
described in copending, commonly owned U.S. patent appli 
cation Ser. No. 11/018,388, entitled APPARATUS AND 
METHODS FOR SUPPRESSING THERMALLY-IN 
DUCED MOTION OF A WORKPIECE, which is incorpo 
rated herein in its entirety by reference. In the present imple 
mentation, however, manipulation mechanism 120 serves an 
additional function that is yet to be described. For the 
moment, it is Sufficient to note that external actuators 122 are 
used to operate manipulation mechanism 120, corresponding 
to at least three stations or modules that are spaced apart 
around the periphery of workpiece 14. In doing so, each 
actuator 122 moves a shaft 124 in a linear manner, as will be 
described at an appropriate point below. 
0042. Referring now to FIG. 2a, in conjunction with FIG. 
1, a reflector arrangement, produced in accordance with the 
present invention, is generally indicated by the reference 
number 140. In this regard, it should be appreciated that the 
reflector arrangement is best illustrated in the enlarged, par 
tial view provided by FIG. 2a, as compared to the overall 
system view of FIG. 1, as a result of illustrative constraints 
with respect to FIG.1. In the diagrammatic view of FIG. 2a, 
preheating irradiance 24 is indicated using a plurality of par 
allel arrows, several of which are labeled. It is noted that 
preheating irradiance 24 has been illustrated as collimated 
light for illustrative purposes, although it is to be understood 
that the preheating irradiance contains light having a wide 
variety of angular orientations. In the region directly below 
workpiece 14, preheating irradiance 24 passes through Sup 
port/window 100 and is, thereafter, incident on backside 18 of 
workpiece 14. As will be seen, reflector arrangement 140 
serves in a highly advantageous way so as to redirect a portion 
of preheating irradiance 24, which would otherwise initially 
miss workpiece 14, onto a peripheral edge region 142 of the 
workpiece. The peripheral edge region is considered to 
include portions of both major Surfaces of the workpiece as 
well as its outermost edge. 
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0043 Reflector arrangement 140 includes an upper com 
pensator 146 and a lower compensator 148 which define an 
upper compensator reflector surface 150 and a lower com 
pensator reflector surface 152, respectively. It is noted that 
FIG. 1 illustrates only upper compensator 146 due to the 
aforementioned illustrative constraints, although it is to be 
understood that reflector arrangement 140 can be present in 
any form described herein. The upper and lower compensa 
tors can be formed using any Suitable materials such as, for 
example, aluminum. A cooling arrangement may be used to 
actively cool the compensators, for example, by defining 
cooling channels 153 within the compensators which may 
Support a flow of a Suitable cooling liquid Such as, for 
instance, water. Reflector surfaces may be formed, for 
example, using single-point diamond turning to ensure appro 
priate optical qualities. 
0044. It should be appreciated that each of reflector Sur 
faces 150 and 152 can be provided in a wide variety of 
configurations. In the present example, the compensator 
reflector surfaces are vertically curved, as can be seen in the 
view of the figure, in the form of a second order curve, 
although curvature is not a requirement. That is, a vertical 
cross-section that is taken through the reflector Surfaces can 
define a straight line 156, as is illustrated in the diagrammatic 
elevational view of FIG.2b, wherein a frustoconical reflector 
surface 157 is shown in relation to workpiece 14. This cross 
sectional sidewall shape may be referred to hereinafter as the 
“sidecut' of the reflectors. Each reflector surface is config 
ured so as to surround the peripheral edge configuration of the 
workpiece in a spaced apart relationship therewith. The gen 
eral shape of the reflector, in this sense, may be referred to 
herein as the plan view of the reflector configuration. Since 
the present example contemplates a circular semiconductor 
wafer as workpiece 14, each reflector Surface can be config 
ured as a surface of rotation which Surrounds the circular 
periphery or edge 154 of the workpiece, thereby creating an 
annular reflector configuration in plan view. It should be 
appreciated, however, that, even though a wafer is circular, 
one or both of the reflectors can be noncircular in plan view, 
for example, for purposes of compensating for nonuniform 
heating. In this regard, one or both reflectors may have an 
elliptical or other suitable shape in plan view. With this in 
mind, it should be appreciated that that the shape of the 
reflector arrangement can be changed in any Suitable manner, 
irrespective of the fact that the peripheral edge configuration 
is a multi-sided polygon. Moreover, heating compensation 
can also be provided by varying the sidecut of one or both of 
the reflectors at different points around the periphery of the 
wafer. 

0045 Referring to FIGS. 2a and 2c, the configuration of 
reflector arrangement 140 is highly advantageous with 
respect to the use of flash heating arrangement 22. In particu 
lar, the peripheral configuration of reflector arrangement 140 
provides for shadow free illumination of workpiece 14 by 
flash heating arrangement 22. The reflector arrangement, in 
order to insure this provision, can be at least somewhat later 
ally spaced away from peripheral edge 154 of the workpiece. 
That is, in the plan view of FIG.2c, upper compensator 146 is 
shown having its complementary reflector surface 150 out 
ward of the peripheral edge of workpiece 14, particularly with 
respect to portions of the reflector arrangement that are closer 
to flash heating arrangement 22 (see FIG. 1) than the work 
piece. Accordingly, a projection of either the complementary 
reflector configuration, as represented by reflector Surface 
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150, or overall upper compensator 146 onto a plane that 
includes upper, device surface 16 of workpiece 14 is out 
wardly spaced away from the periphery of the workpiece by 
at least a minimum distance 160 which may be approximately 
3 mm. Although lower compensator 148, likewise, satisfies 
these requirements, it should be appreciated that it is so posi 
tioned for purposes of providing for shadow free illumination 
by preheating irradiance 24. Further, an angle B is illustrated 
in FIG.2a, defined between a vertical direction and an upper 
most edge of reflector arrangement 146. Maintaining a value 
of B in excess of 45° has been found to be useful in maintain 
ing shadow free illumination from flash heating arrangement 
22. More preferably, B may be at least 60°. It is again noted 
that the figures are not to scale so that the illustrated angle 
may appear horizontally compressed. The concepts taught 
with respect to B are equally applicable with respect to the 
relationship between workpiece 14, lower compensator 148 
and pre-heating arrangement 20. Further, it is noted that the 
aforementioned minimum spacing may alternatively be set 
forth as a minimum distance between any given position on 
the reflector configuration and a nearest position on the work 
piece such as, for example, approximately 15 mm. Such a 
minimum spacing is best illustrated in FIG. 2a as a distance 
between workpiece edge 154 and the uppermost, inner edge 
of upper compensator 146. It should further be appreciated 
that complementary configured reflector surface 150 of upper 
compensator 146 is the only portion of the compensator that 
faces or is in a confronting relationship with workpiece 14. 
Another expedient, that may be used in avoiding shadowing 
on workpiece 14 by reflector arrangement 140 resides in 
lowering the reflector arrangement, relative to the workpiece, 
before the latter is exposed to flash irradiance 30. Such low 
ering, in effect, causes the relative positioning of the work 
piece, flash heating arrangement 22 and reflector arrange 
ment 140 to conform with the foregoing descriptions, interms 
of angle f3, at least for the limited duration of the irradiance 
flash. 

0046 FIG. 2d illustrates an alternative configuration using 
a modified reflector surface 150' shown diagrammatically in 
relation to a rectangular workpiece 14'. Modified reflector 
surface 150' takes on the shape of a truncated rectangular 
based pyramid. In this regard, it should be appreciated that a 
wide variety of alternative workpiece and reflector configu 
rations are possible, all of which are considered to fall within 
the scope of the present invention. 
0047. Having described the structure of reflector arrange 
ment 140 and its position with respect to other components of 
system 10, attention is now directed to details with respect to 
the manner in which the reflector arrangement redirects a 
portion of preheating energy 24 onto peripheral edge region 
142 of the workpiece. This description will again be framed as 
if preheating energy 24 were collimated, although this is 
understood not to be the case, for purposes of enhancing the 
reader's understanding. More particularly, the description 
will consider specific rays that are illustrated in FIG. 2a in 
traveling from the preheating arrangement to the workpiece. 
Initially directing the discussion to upper compensator 146, a 
first ray 170 is incident upon upper compensator reflector 
surface 150, at substantially its furthest point from the pre 
heating arrangement. Accordingly, ray 170 is reflected and, 
thereafter, incident at a point 172 on device side 16 of the 
workpiece. It is noted that point 172 is spaced inward some 
what from edge 154 of the workpiece. A second ray 174 is 
incident at a point 176 on the upper compensator reflector 
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surface and is reflected so as to be incident substantially on 
edge 154 of the workpiece. Hence, at least with respect to the 
described “collimated rays, a vertical band or region 180, of 
the upper compensator reflector Surface, redirects preheating 
energy that would otherwise miss the workpiece, to an annu 
lar region of the workpiece including and between points 172 
and 176 on device side 16. 

0048 Still considering the operation of upper compensa 
tor reflector surface 150, a ray 190 is incident on the reflector 
surface at a point 192, below aforedescribed point 176, in the 
view of FIG.2a. Ray 190 reflects from the upper compensator 
and is then reflected by window? support member 100 at a 
point 194, to then be incident on a point 196 of backside 18 of 
the workpiece. Thus, ray 190 undergoes two reflections. 
Similarly, a ray 200 is incident upon a lowermost point 202 of 
upper compensator reflector surface 150 and is reflected so as 
to then be incident on a point 204 that is defined by the upper 
surface of window 100. Ray 200 is then incident on a point 
206 very near edge 154, but on backside 18 of the workpiece. 
Again, at least with respect to the described “collimated 
rays, a vertical band or region 210, of the upper compensator 
reflector Surface, redirects preheating energy that would, at 
least initially, otherwise miss the workpiece, to an annular 
region of the workpiece including and between points 196 
and 206 on backside 18. In view of the foregoing, upper 
compensator 146 is considered to be remarkably advanta 
geous in its ability to simultaneously illuminate device side 
16, peripheral edge 154 and backside 18 of the workpiece in 
cooperation with window 100. At the same time, however, it 
should be appreciated that upper compensator 146 can be 
configured with a sidecut that excludes one of regions 180 or 
210. Moreover, edge 154 can be excluded from illumination, 
independent of whether one of regions 180 or 210 is excluded 
with respect to light 24. 
0049 Still referring to FIG.2a, attention is now directed to 
the operation of lower compensator 148, again based on the 
illustrated collimated preheating energy 24 that is incident on 
lower reflector surface 152. In particular, a ray 220 is incident 
on an uppermost portion of reflector surface 152 at a point 
222. Ray 222 is then reflected from lower compensator reflec 
tor surface 152 and is refracted as it passes through window 
100. Thereafter, ray 220 emerges from window 100 and is 
incident upon edge 154 of the workpiece. Similarly, a ray 230 
is incident upon reflector surface 152 proximate to its lower 
most edge and is reflected therefrom. Ray 230 is then 
refracted as it passes through window 100 and is then incident 
upon workpiece 14, but at a point 232 that is spaced periph 
erally inward with respect to workpiece edge 14. Thus, region 
234 corresponds to the entire vertical sidecut of lower com 
pensator reflector surface 152 by redirecting preheating 
energy primarily from edge 154 peripherally inward, onto 
backside Surface 18 of the workpiece. Like upper compensa 
tor 146, lower compensator 148 serves to redirect preheating 
energy onto the peripheral edge region of workpiece 14, 
which preheating energy would, at least initially, otherwise 
miss the workpiece. 
0050 Having described the operation of upper and lower 
compensators 146 and 148, respectively, with regard to col 
limated energy that is at least approximately normal to the 
major Surfaces of the workpiece, it is considered that rays 
having many other orientations will be directed from these 
compensators onto the peripheral edge region of the work 
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piece, depending upon their specific angle of incidence on the 
compensator reflector Surface in conjunction with their spe 
cific point of incidence. 
0051. At this juncture, it is appropriate to note that differ 
ent wafers or workpieces can have different optical absorp 
tion and emission properties that can affect net energy loss 
from the wafer edge. Thus, adjustments in the configuration 
of the reflector arrangement can be made on the basis of 
workpiece characteristics. Moreover, adjustment of the 
reflector arrangement can be necessary on the basis of chang 
ing the heating protocol. For example, if the preheating ramp 
rate is increased, the incident power is increased and, thus, the 
irradiance from reflector arrangement 140, correspondingly 
increases. At the same time, a faster preheating ramp rate 
reduces the time the workpiece has to radiate energy, so that 
edge losses occur over a shorter time interval. The net result 
can lead to the peripheral edge region being too hot for a given 
configuration of the reflector arrangement. Conversely, 
reducing the ramp rate can cause the peripheral edge region to 
be too cool. Replacing the reflector arrangement with one 
designed specifically for a modified ramp rate is one approach 
with respect to correction for the “hot” or “cool edge, how 
ever, one highly advantageous approach will be described 
immediately hereinafter. 
0052 Continuing to refer to FIG. 2a, it should be under 
stood that upper compensator 146 and lower compensator 
148 can be used either individually or in combination to 
achieve a desired level of edge heating compensation. Fur 
ther, it is apparent from this figure that each of upper com 
pensator 146 and lower compensator 148 produces a reflected 
energy pattern that changes responsive to changes in a relative 
vertical positional relationship between the workpiece and 
each of the compensators. Changing the relative positional 
relationship can be accomplished by moving the workpiece or 
the reflector or both. For example, if workpiece 14 is moved 
upward in the view of the figure, upper compensator 146 will 
reflect preheating energy 24 onto a narrower portion or band 
of the workpiece peripheral edge region. That is, point 172 
will move toward the left, in the view of the figure, toward 
edge 154. Preheating characteristics, therefore, can be 
adjusted by adjusting the Vertical positional relationship 
between the workpiece and the compensator or compensators 
that are in use. Thus, for a given workpiece, the vertical 
positional relationship between the reflector arrangement and 
workpiece can be adjusted in order to compensate for specific 
characteristics of that workpiece. Similarly, the vertical posi 
tional relationship is adjustable in view of changing the ramp 
preheating rate or preheating interval duration, in order to 
reduce or enhance edge heating, based on a particular set of 
circumstances. Thus, in this way, the aforedescribed hot or 
cool edge problem is resolved. In one implementation, using 
an infrared digital camera, as described in U.S. Pat. No. 
6,303,411, which is commonly owned with the present appli 
cation and incorporated herein by reference, the workpiece 
edge temperature can be monitored, although it is to be under 
stood that any Suitable temperature sensing configuration can 
be used. This monitored temperature can then be used for 
process feedback control to establish the wafer/reflector rela 
tive positional relationship. FIG.1 illustrates an infrared cam 
era 236 for use in Such temperature monitoring. Alternatively, 
multiple radiometers can be used to measure the edge tem 
perature, compared to the wafer center for feedback control. 
0053. In this regard, it is noted that such compensation can 
be dynamic by changing the relative vertical positional rela 
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tionship during the preheating cycle. Thus, as an example, a 
linear actuator arrangement 240, can be used to move lower 
compensator 148 as indicated by a double-headed arrow 241, 
where the lower compensator is used individually. Accord 
ingly, one having ordinary skill in the art will recognize that 
this linear actuator could just as readily be applied for pur 
poses of moving upper compensator 146 or for moving the 
entire reflector arrangement by appropriately configuring 
support plate 100 to cooperate with the reflector arrangement. 
As another alternative, the upper and lower compensator can 
be moved simultaneously or independently in opposing 
directions; that is, either toward or away from one another. It 
should further be appreciated that an embodiment is contem 
plated wherein a movement mechanism provides for preheat 
ing using reflector arrangement 140, as described above, and 
then serving to change the positional relationship between the 
flash heating arrangement, reflector arrangement and work 
piece to provide for shadow-free illumination of the device 
side of the workpiece by the irradiance flash, using flash 
heating arrangement 22. For example, reflector arrangement 
140 can be lowered during the irradiance flash. 
0054 With respect to the upper and lower compensators 
described above, it should be appreciated that the reflective 
performance that is produced by the reflective surface of 
either compensator can be fine tuned, for example, by modi 
fying the shape of the sidecut of the defined reflective sur 
faces, as well as by changing the area of the reflective surface. 
Other techniques, however, are also recognized for use infine 
tuning the performance of either of the compensators, which 
do not necessitate actually changing spatial relationships or 
geometry in a particular implementation. For example, the 
reflective surface of a compensator can be coated to increase 
or decrease heating efficiency with respect to the spectral 
content of the incoming radiation, in conjunction with work 
piece radiation absorptivity by modifying its reflectivity at 
certain wavelength regions. As another example, the spectral 
response of the reflective surface can be changed in a desired 
way. As still another example, the diffusivity of the reflective 
Surface can be changed. Increasing the diffusivity, for 
instance, will tend to blur or widen the illuminated area, 
thereby reducing intensity. Another technique for fine tuning 
the response of one of the compensators relies on segmenting 
the reflective surface of the compensator, as will be described 
immediately hereinafter. 
0055 Referring to FIG. 3, a segmented compensator, pro 
duced in accordance with the present invention, is generally 
indicated by the reference number 300 and is partially shown 
in a cut-away, perspective view. Again, operation of this com 
pensator will initially be presented with respect to collimated 
rays 24 of FIG. 2a, in order to enhance the reader's under 
standing, although it is to be understood that a wide variety 
angles of incidence are possible. More specifically, rays 
24a-dare illustrated. Segmented compensator 300 includes a 
plurality of cutouts 302, a number of which are indicated, 
spaced apart around the periphery of the compensator. A 
plurality of reflector segments, indicated by the reference 
numbers 304a-d, are illustrated between cutouts 302. While 
rays 24a, 24c and 24d are incident on reflector segments 
304a, 304c and 304d, respectively, ray 24b passes through 
one of cutouts 302, unaffected by compensator 300. In this 
regard, one alternative to the use of cutouts 302 resides in 
coating what would be a corresponding portion of the reflec 
tive surface with an absorber 306 (represented by hatching), 
such that ray 24b would be absorbed, rather than passing 
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through compensator 300 unaffected. It must be borne in 
mind, with respect to such use of “absorber' segments, that 
the compensator temperature will rise, corresponding to the 
amount of additional energy that is absorbed. Alternatively, 
the surface corresponding to absorber 306 can be treated so as 
to increase its diffusivity so as to act less effectively than the 
untreated regions of reflector surface. Suitable materials for 
use in forming compensator 300 include, for example, alu 
minum. Techniques for producing the desired, segmented 
configuration are well-known in the art. Details with respect 
to the design of compensator 300 will be provided immedi 
ately hereinafter. 
0056 Still referring to FIG.3, cutouts 302 may be viewed, 
in effect, as changing the average reflectivity of the compen 
sator, as compared to an unmodified compensator having a 
reflector surface without cutouts. With respect to uniformity, 
it should be appreciated that the reflector segments generally 
do not form a sharp image on the workpiece. If the objective 
is a high degree of uniformity of exposure, the number of 
cutouts can be increased, with a corresponding increase in the 
number of reflector segments. In this regard, response of 
compensator 300 can be customized, based on the period and 
width of slots 302, in consideration of a uniform distribution 
about the periphery of compensator 300. For purposes of this 
analysis, R is the radius of compensator 300, as indicated, and 
k is a desired attenuation ratio, l is the length of the reflective 
portion of the arc, as measured about the generally circular 
periphery of the compensator, l is the length of the removed 
portion of an arc that corresponds to each slot302, and n is the 
number of cutouts. Initially, the segmented compensator can 
be characterized by: 

le (1) 
k = i 

n(l + i) = 2 R (2) 

which yields: 

le = kl, (3) 

2TRk (4) 
it 

(k + 1) 

0057. It is recognized that the greater the number of cut 
outs, n, the Smoother the spatial attenuation about the periph 
ery of compensator 300, resulting in increased uniformity on 
the peripheral edge of the workpiece. Further, under high 
density irradiation conditions, l. (length of reflective portion 
of arc) should be limited to its smallest practical value, but of 
sufficient size to avoid deterioration resulting from a reduced 
Volume, which produces less efficient cooling and increased 
risk of radiation damage. 
0058 Having described the highly advantageous reflector 
arrangement of the present invention in detail above, is appro 
priate at this juncture to briefly consider the prior art. In 
particular, Applicants are unaware of any reflector arrange 
ment in the prior art which provides effective compensation 
for edge cooling of a workpiece during a preheating interval 
when one side of the workpiece confronts a preheating 
arrangement and wherein this reflector arrangement cooper 
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ates with a flash heating arrangement for illuminating the 
opposite side of the workpiece in a substantially shadow free 
a. 

0059 Referring to FIGS. 1 and 4, attention is now directed 
to details with respect to manipulation arrangement 120. FIG. 
4 provides a diagrammatic plan view of workpiece 14 and 
manipulation arrangement 120. In this regard, the manipula 
tion arrangement includes at least three manipulation mod 
ules 400 that are spaced about around the periphery of the 
workpiece. Although a workpiece has been illustrated in FIG. 
4 having a circular peripheral edge configuration, it is to be 
understood that the concepts that are about to be brought to 
light are readily applicable with respect to workpieces having 
alternative peripheral edge configurations, for example, by 
adjusting the position and number of manipulation modules. 
0060 Referring to FIG. 5, attention is now directed to 
details with respect to the structure of manipulation module 
400, which is further enlarged in this perspective view. Mod 
ule 400 includes a baseplate 402 which supports first and 
second spaced apart, parallel rails 404a and 404b. Rail 404a 
slidingly receives a first carriage 408a and a second carriage 
408b, while a third carriage 408c is slidingly received by 
second rail 404b. First carriage 408a supports a centering 
finger mount 410 that is connected to the first carriage using 
fasteners 412. A laterally extending centering finger 420 
extends in the direction of the workpiece, which is shown in 
phantom adjacent to the centering finger. The centering finger 
may be formed from any suitable material such as, for 
example, quartz. A wedge member 421 is used with a fastener 
to adjustably hold centering finger 420 in place. A guide 
member 422 extends rearwardly from an opposing side of 
centering finger mount 410 and concentrically receives a 
biasing spring 424. Guide member 422 passes through a 
guide block 428 and includes a free end Supporting a stop 
piece 430. Guide block 428 forms an integral part of a sec 
ondary movement platform 432 which is attached to carriage 
408b and 408c such that the secondary movement platform 
can move slidingly on rails 404a and 404b, independent of the 
sliding movement of centering finger mount 410. 
0061 Referring to FIG. 6 in conjunction with FIG. 5, the 
former is a perspective view that has been taken from a 
direction that better illustrates certain details with respect to 
the way in which linear actuator arm 124 (shown in phantom 
in FIG. 6) engages the lifting module and with respect to the 
mechanism that is used to Support and move a lifting arm 440. 
It is noted that some components have been rendered trans 
parent (e.g., a base plate which forms part of secondary move 
ment platform 432) in order to better reveal the mechanics 
that Support the lifting arm and engage linear actuator shaft 
124. In particular, a lifting arm Support link 442 Supports 
lifting arm 440, for example, using a clamping arrangement 
having a clamping plate 444 and fastener 446 to adjustably 
mount lifting arm 440 to link 442. As seen in FIG. 6, hinges 
450 hingedly connect lifting arm support link 442 to platform 
432. At an opposing end of the lifting arm link, proximate to 
lifting arm 440, hinges 452 hingedly connect lifting arm link 
442 to a pair of pivot links 454a (best seen in FIG. 6) and 454b 
(best seen in FIG. 7). Hinges 456 hingedly connect pivot links 
454a and 454b to centering finger mount 410. Accordingly, 
this arrangement hingedly Supports lifting arm Support link 
442 between platform 432 and centering finger mount 410. It 
is noted that lifting arm 440 is shown in FIG. 5 holding the 
workpiece in a raised position. Specific details with respect to 
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the highly advantageous operation of manipulation module 
400 will be provided immediately hereinafter. 
0062 Still referring to FIGS. 5 and 6, linear actuator shaft 
124 moves in a direction indicated by an arrow 460 for pur 
poses of moving secondary movement platform 432 in a 
direction at least generally toward workpiece 14. Specifically, 
manipulation module 400 is advantageously configured Such 
that the linear actuator shaft is not required to move in a 
direction that is parallel to the direction of movement of 
secondary movement platform 432. In order to accomplish 
this translation, best seen in FIG. 6, a slider 462 is received in 
a dovetail groove 464 for sliding movement therein. Slider 
462 includes a clamping arrangement defining an opening 
466 for receiving a free end of linear actuator arm 124. A 
threaded fastener 470 is tightened to clamp the free end of the 
linear actuator into opening 466. Fastener 470 also supports a 
bearing 472 that is positioned within a slot 474 (best seen in 
FIG. 5). In this way, lateral movement of bearing 472 occurs 
as linear actuator 124 is advanced and retracted in a way 
which causes secondary movement platform 432, in turn, to 
advance and retract along rails 404a and 404b in a direction 
that is indicated by a double-headed arrow 480. Accordingly, 
an angular approach of linear actuator shaft 124 is accommo 
dated. 
0063 Referring to FIG. 7 in conjunction with FIGS.5 and 
6, the former illustrates manipulation module 400 with lifting 
arm 440 in its fully lowered position and with centering finger 
420 in its fully withdrawn or retracted position with respect to 
wafer 14. As linear actuator shaft 124 moves in direction 460 
in FIGS. 5 and 6, centering finger mount 410 moves in a 
direction 475 in unison with secondary movement platform 
432. Movement of centering finger mount 410 occurs as a 
result of biasing force that is applied from the secondary 
movement platform through spring 424. It should be appre 
ciated that a lifting end 490 of the lifting arm moves laterally 
in unison with centering finger 420, as seen in FIG. 7. At the 
same time, lifting end 490 is configured to move beneath 
workpiece 14, as will be further described. 
0064 Referring to FIG. 8a, the mechanism of the manipu 
lation module is illustrated after having moved secondary 
movement platform 432 and centering finger mount 410 to a 
limit position in the direction of arrow 460 (see FIGS. 5 and 
6). In doing so, centering finger mount 410 encounters a stop 
492. It is noted that stop 492 is defined by a stop plate 494 that 
is best seen in FIG. 6. This stop plate is held in position by a 
pair of fasteners and can be adjusted using these fasteners. 
Centering finger 420, in the view of this figure, has engaged 
the peripheral edge of workpiece 14 and caused the work 
piece to move to a centered position. 
0065 Referring to FIG. 8b in conjunction with FIGS. 4 
and 8a, the former provides an enlarged view of a region R, 
that is indicated within a dashed circle. It is important to 
understand that manipulation modules 400 are spaced about 
the periphery of workpiece 14, as illustrated by FIG. 4 such 
that the centering fingers cooperate to simultaneously, resil 
iently bias the workpiece to the centered position. The cen 
tering fingers are adjusted to provide some acceptable, but 
limited centering tolerance, 493 that is indicated between a 
pair of arrows 494, from a centered position such that a 
centering radius 495, shown in FIG.4, is slightly greater than 
the radius of the workpiece, although this has been greatly 
exaggerated in the view of FIG. 4. In this way, the workpiece 
is readily lifted from between the extended centering fingers 
and then returned to a position between the centering fingers. 
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This latter action is assisted by a bevel 496 (best seen in FIG. 
5) that is formed at an upper corner of centering finger 420. 
No further movement of centering finger 420 is obtained with 
additional movement of linear actuator shaft 124 in the direc 
tion of arrow 460, following engagement with stop 492. From 
the position of FIGS. 8a and 8b, further linear actuator move 
ment in the direction of arrow 460 (FIG. 6), causes manipu 
lation module 400 to enter a lifting mode in which secondary 
movement platform 432 moves toward centering finger 
mount 410, thereby compressing spring 424, as seen in FIGS. 
5 and 6. 

0.066 Referring again to FIG. 8b, attention is directed to 
details with respect to the relationship between lifting arm 
440, fully extended under workpiece 14, as limited by cen 
tering finger 420 and with respect to a cross-hatched region 
497 of the peripheral edge region of the workpiece, which 
represents a margin or band of the workpiece that is outside of 
what is generally considered as the device area of the work 
piece, for reasons which relate to processing constraints that 
are outside the scope of the present disclosure. What is of 
interest, however, is that lifting end 490 cooperates with cen 
tering finger 420 in a way which causes the lifting end to 
extend beneath workpiece 14 by an amount that is less than a 
width of margin 497. The significance of this arrangement 
will be further discussed at an appropriate point below. More 
over, a potential lateral movement range 499 of the work 
piece, responsive to thermally induced movement by flash 
heating, is represented between a pair of arrows 498. Potential 
lateral movement range 499 is far greater than centering tol 
erance 493, as will be further discussed at an appropriate 
point below. 
0067. Attention is now directed to FIG. 9 in conjunction 
with FIG. 8a. The former illustrates manipulation module 
400 after having lifted workpiece 400 to a maximum lift 
position. Comparison of FIGS. 8a and 9 reveals that lifting 
end 490 of lifting arm 440 has moved, at least generally, 
straight up so as to significantly avoid rubbing against the 
backside of the workpiece. This movement is accomplished 
through the use of a Daniel's linkage, which is well known in 
the art and described in detail, for example, in Mechanisms 
and Mechanical Devices Sourcebook by Nicholas P Chironis 
& Neil Sclater, McGraw-Hill, 1991. Specifically, lifting arm 
support link 442 and pivot links 454a, b, cooperate to form a 
Daniel's linkage as secondary movement platform 432 moves 
toward centering finger mount 410. The maximum lifting 
height is defined by the specific configuration of the Daniels 
linkage. While workpiece 14 is shown at a maximum height 
in FIG.9, it is important to understand that the workpiece can 
be moved to any desired position between the fully raised 
position of FIG. 9 and the fully lowered position of FIG. 7. 
Moreover, this movement can be performed dynamically, for 
example, during a preheating interval, as discussed above. 
Lowering the workpiece, from a raised position, proceeds in 
reverse order through FIGS. 7, 8a and 9, resulting in release of 
the workpiece within the centering tolerance from the cen 
tered position. It should also be appreciated that manipulation 
modules 400 can be used to re-center the workpiece at any 
desired time by moving centering fingers 420 from the with 
drawn position of FIG. 7 to engage the workpiece in the 
centering mode of operation that is illustrated by FIG. 8 and 
then returning to the withdrawn position of FIG. 7. This 
feature is considered as highly advantageous in and by itself. 
0068. Having described FIGS. 1-9 in detail above, atten 
tion is now directed to a highly advantageous workpiece 
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thermal processing technique that is shown in FIG. 10 and 
generally indicated by the reference number 500. At 502, a 
workpiece is moved into chamber 12a of FIG. 1 and placed on 
lifting fingers 440. The workpiece is then lowered at 504 and 
centered between centering fingers 420. In this regard, it is not 
required to fully withdraw centering fingers 420, once the 
workpiece has been positioned therebetween, since the work 
piece can thereafter be lifted directly from the centered posi 
tion. 

0069. At 506, a preheating mode is entered by initially 
raising the workpiece from its centered position using 
manipulation modules 400. In this regard, it is important to 
understand that process uniformity is enhanced, through the 
use of manipulation modules 400, since the workpiece is 
always centered prior to lifting. Thus, components such as, 
for example, reflector arrangement 140 can be optimized on 
the basis of the workpiece being within some quite limited 
lateral tolerance from a centered position. It is thereby 
assured that energy that is reflected by reflector arrangement 
140 is incident in a desired way on the peripheral edge con 
figuration of the workpiece. 
0070. At 508, the workpiece is moved dynamically by 
manipulation modules 400, during a preheating interval. So as 
to achieve uniform heating of the workpiece across its lateral 
extents. That is, workpiece 14 is moved in a way which 
dynamically changes the relative positional relationship 
between it and reflector arrangement 140 of FIG. 2a, so as to 
selectively heat the peripheral edge configuration of the 
workpiece in relation to the rest of the workpiece. In this 
regard, it should be appreciated that there must be a variation 
in the width of the peripheral edge region of the workpiece 
that is heated (in the present example, a radial variation) as a 
function of the positional relationship. It is recognized, as part 
of this highly advantageous technique, that dynamic adjust 
ment of the positional relationship is appropriate, since the 
thermal conduction time of the workpiece is generally short in 
comparison to the duration of the heating interval. Tempera 
ture variation across the lateral extents of the workpiece can 
be monitored as described above. FIG. 9 diagrammatically 
illustrates an overall lateral preheating irradiance profile 510, 
shown as array of arrows having a length that corresponds to 
the total irradiance intensity at a given radial position on the 
workpiece Such that the peripheral edge region receives an 
increased intensity. The irradiance intensity arrows are illus 
trated as normal to and directed toward backside 18 of the 
workpiece for purposes of illustrative simplicity, although 
this is understood not to be the case in view of the descriptions 
above. Further, workpiece 14 is shown in phantom, using 
dashed lines, at a flash heating position, Supported by Support 
pins 102 (one of which can be seen). It is noted that support 
pin 102 can be positioned to best accommodate bowing of the 
workpiece responsive to flash movement, as described in 
above incorporated U.S. patent application Ser. No. 11/018, 
388, since pre-heating is performed without a need to Support 
the workpiece on support pins 102. The workpiece can be 
positioned above support pins 102 so there is no thermal 
contact between the pins and work piece during preheating. 
Therefore, support pins 102 do not create a thermal shadow 
which would affect the device area of the workpiece. The 
flash heating position is adjacent to a vertical range of posi 
tions 512, indicated by an double-headed arrow, such that 
movement of the workpiece within positional range 512 pro 
duces a varying peripheral edge region irradiance 514 that is 
indicated using another double-headed arrow. 
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0071. The highly advantageous dynamic preheating tech 
nique disclosed herein can readily account for gradual heat 
ing of system components over a production run. One Such 
component, discussed in relation to FIG. 2a, is window 100. 
For example, considering this window in the form of a fused 
silica plate, conductive and radiative transfer from the bottom 
and edge of a hot workpiece to the cold window will heat the 
window. During a production run, many workpieces will be 
processed and a radial temperature gradient will be created in 
the window, with the center hotter than the edge. This gradient 
will likely increase during the production run, as the window 
continues to heat up. Accordingly, effective compensation for 
this alternative source of radial temperature gradient is also 
provided by the present invention. That is, the aforedescribed 
dynamic, real-time temperature measurement and feedback 
will detect the edge cooling and the relative vertical positional 
relationship can be adjusted, irrespective of the specific 
mechanism that causes the radial temperature gradient, even 
during the course of a production run, to vary edge irradiance 
and heat the workpiece edge to obtain more uniform process 
results from one workpiece to the next. 
0072 Still considering preheating step 508, it should be 
mentioned that preheating while the workpiece is raised and 
supported by lifting end 490 of lifting arms 440 is advanta 
geous for other reasons. For example, when workpiece 14 is 
Supported by Support pins 102 of FIG. 2a during preheating, 
a “cold spot' is produced proximate to the Support pins. 
Heating while the workpiece is raised avoids the creation of a 
cold spot proximate to support pins 102. 
0073. At the same time, lifting end 490 of lifting arms 440 
can advantageously be configured to project under the work 
piece in a very limited way, as illustrated by FIG. 8b, since the 
centered position of the workpiece is readily maintained 
using manipulation modules 400 to within centering toler 
ance 493. That is, with the advent of an automated centering 
arrangement, there is no need to elongate lifting ends 490, in 
order to compensate for potential thermally induced or other 
movement of the workpiece responsive to processing. Limit 
ing the length of lifting ends 490 is also advantageous with 
respect to the fact that they also can create a cold spot, proxi 
mate to the peripheral edge of the workpiece. Since there is 
never a need to lift an off-center workpiece, lifting ends 490 
can have a length that is based on centering tolerance 493, 
rather than anticipated and unpredictable process induced 
movement within or even greater than lateral movement 
range 499. Further, any cold spot that is produced by lifting 
ends 490 is generally not of concern, since it becomes part of 
margin 497, outside of the useful device area, that is already 
discarded as a result of other, overriding process concerns. In 
the present example, lifting ends 490 include a length of 
approximately 1.5 mm, projecting beyond centering finger 
420 in the illustration of FIG. 8b, while centering tolerance 
493 is approximately 1 mm so as to insure lifting the work 
piece reliably. Thus, lifting ends 490 extend no more than 
approximately 0.5 mm beneath the workpiece. In contrast, 
Applicants have observed lateral movements of a workpiece, 
responsive to flash heating, of 5 mm or more. Accordingly, 
without the use of the centering feature of manipulation mod 
ules 400, lifting ends 490 would have to extend more than 5 
mm underneath the workpiece. Since the device area may be 
approximately 3 mm from the edge of the workpiece, 5 mm is 
well within the lateral extents of the device area on the oppo 
site side of the workpiece and is likely to create a correspond 
ing cold spot which will adversely influence device charac 
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teristics in that region. In the present example, a lifting range 
from approximately 0 mm to 15 mm is provided with a 
capability to center a workpiece that is at least 7 mm off 
Center. 

0074. In a prior art system, such movement can lead to 
attempting to lift an off-center workpiece and, Subsequently, 
dropping the workpiece. Thus, a prior art lifting arrangement 
must reach far enough under the workpiece, a much as even 1 
cm, so as to compensate for potential movement of the work 
piece. A competing problem is created, however, insofar as 
the prior art lifting arrangement may then produce a shadow 
or cold spot which extends into the device area of the work 
piece. The use of manipulation modules 400, with automatic 
workpiece centering, serves to Sweep aside these concerns in 
a highly advantageous and heretofore unseen way. 
0075 Continuing with a description of process 500, at 516 
workpiece 14 is lowered onto support pins 102 (FIGS. 1 and 
2) into its centered position. This movement can readily be 
accomplished before the workpiece experiences significant 
cooling, for example, if the preheating arrangement is turned 
offat some early point in relation to executing this movement. 
Thereafter, manipulation modules 400 are moved to the fully 
retracted position of FIG. 7. In this way, lifting arm 440 and 
centering finger 420 will not interfere with subsequent ther 
mally induced movement of the workpiece during a flash 
heating mode. In 518, irradiance flash 30 is applied using 
flash heating arrangement 22. It is noted that Support pins 102 
do not produce a cold spot with respect to flash irradiance 30 
since the flash duration is significantly shorter than the ther 
mal conduction time of the workpiece. Moreover, the cooler 
bulk of the workpiece is relied upon as a heat sink for pur 
poses of conducting the flash energy away from device side 
16 of the workpiece and any effect, produced by the support 
pins, would be minimal because the bulk of the workpiece has 
already Sufficiently dissipated the flash energy, in terms of 
influencing process results, prior to its reaching Support pins 
102. Further, even if the support pins were of some sort of 
concern with respect to flash irradiance 30, both preheating 
arrangement 20, if still on, and flash heating arrangement 22 
can immediately be turned off at 520 and workpiece 14 can 
automatically be re-centered and then immediately raised at 
522 using manipulation modules 400. 
0076 Referring briefly to FIG. 10, technique 500 is con 
sidered to be highly advantageous with respect to recognizing 
that handling a workpiece during a preheating interval can be 
performed in a dynamic way for purposes of enhancing tem 
perature uniformity across the lateral extents of the work 
piece, during which preheating interval, edge cooling is of 
concern. Further, during flash heating, which is essentially 
instantaneous, at least from a practical standpoint, the work 
piece can being handled in a completely different way which 
essentially disregards the temperature uniformity constraints 
that are imposed by the preheating interval and shifts process 
concerns to other factors such as, for example, accommodat 
ing thermally induced movement of the workpiece. 
0077. It is to be understood that at least the following 
concepts are considered to be enabled by the foregoing 
description. 
0078 1. An apparatus for performing thermal processing 
of at least one workpiece having opposing first and second 
major Surfaces Surrounded by a peripheral edge which defines 
a workpiece diameter Such that the first and second opposing 
Surfaces cooperate with said peripheral edge to define a 
peripheral edge region, said apparatus comprising: 
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0079 a processing chamber defining a chamber interior 
for receiving said workpiece; 
0080 a heating arrangement in thermal communication 
with said chamber interior and in a confronting relationship 
with said first major Surface for emitting an illumination 
energy Such that a first portion of the illumination energy is 
directly incident upon said first major surface of the work 
piece and a second portion of the illumination energy is 
directed such that, at least initially, the second portion would 
miss the first major Surface; and 
I0081 a reflector supported in said chamber interior having 
an at least generally annular configuration thereby defining a 
central opening with an opening width, for any given mea 
Surement thereof, that is greater than said workpiece diam 
eter, and said reflector is arranged, at least generally, in a 
concentric relationship with said peripheral edge and config 
ured for reflecting at least some of said second portion of the 
illumination energy onto the peripheral edge region of said 
workpiece. 
I0082 2. A method for thermal processing of at least one 
wafer-shaped workpiece having opposing first and second 
major Surfaces Surrounded by a peripheral edge which defines 
a workpiece diameter Such that the first and second opposing 
Surfaces cooperate with said peripheral edge to define a 
peripheral edge region, said method comprising: 
I0083 moving the workpiece into a chamber interior that is 
defined by a processing chamber, 
0084 using a heating arrangement in thermal communi 
cation with said chamber interior and in a confronting rela 
tionship with said first major Surface for emitting an illumi 
nation energy Such that a first portion of the illumination 
energy is directly incident upon said first major surface of the 
workpiece and a second portion of the illumination energy is 
directed so that, at least initially, the second portion would 
miss the first major Surface; and 
I0085 reflecting at least some of said second portion of the 
illumination energy onto the peripheral edge region of said 
workpiece using a reflector that is Supported in said chamber 
interior having an at least generally annular configuration 
thereby defining a central opening with an opening width, for 
any given measurement thereof, that is greater than said 
workpiece diameter, and said reflector is arranged, at least 
generally, in a concentric relationship with said peripheral 
edge. 
I0086 3. An apparatus for heat treating at least one gener 
ally planar workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge configuration Such 
that the first and second opposing Surfaces cooperate with 
said peripheral edge configuration to define a peripheral edge 
region, said apparatus comprising: 
I0087 a processing chamber defining a chamber interior 
for receiving said workpiece; 
0088 a heating arrangement in thermal communication 
with said chamber interior and in a confronting relationship 
with said first major Surface for emitting an illumination 
energy Such that a first portion of the illumination energy is 
directly incident upon said first major surface of the work 
piece and a second portion of the illumination energy is 
directed such that, at least initially, the second portion would 
miss the first major Surface; and 
I0089 a reflector arrangement, supported in said chamber 
interior having a shape that is complementary with respect to 
the peripheral edge configuration of said workpiece so as to 
define a complementary reflector configuration, said reflector 



US 2008/O152330 A1 

arrangement and said workpiece being mutually Supported in 
a way which aligns the complementary reflector configura 
tion with the peripheral edge configuration of said workpiece 
in a spaced-apart relationship therewith for causing at least 
part of said second portion of the illumination energy to be 
reflected by said complementary reflector configuration and 
to, thereafter, be incident around and onto the peripheral edge 
region of said workpiece and a projection of at least the 
complementary reflector configuration onto a plane which 
includes the first major Surface is complementary to and 
outwardly spaced away from said peripheral edge configura 
tion by at least a predetermined distance. 
0090. 4. The apparatus of claim 3 wherein said predeter 
mined distance is approximately 3 mm. 
0091 5. The apparatus of claim 3 wherein said reflector 
arrangement is configured to Substantially limit reflector 
absorption of the second portion of illumination energy Such 
that a pre-illumination temperature of the reflector arrange 
ment is Substantially maintained, irrespective of incidence of 
said second portion of said illumination energy. 
0092 6. The apparatus of claim 3 wherein a projection of 
the reflector arrangement onto said plane which includes the 
first major surface is complementary to and outwardly spaced 
away from said peripheral edge configuration by at least said 
predetermined distance. 
0093 7. The apparatus of claim3 wherein any given posi 
tion on said complementary reflector configuration is no more 
than approximately 15 mm from a nearest point on said work 
piece. 
0094 8. The apparatus of claim3 wherein any given posi 
tion on said reflector arrangement is spaced away from a 
nearest position on an outermost edge of said workpiece Such 
that an angle defined between a first line passing through said 
nearest position on the outermost edge and at least generally 
normal to said first major surface, and a second line, defined 
between the given position on the reflector arrangement and 
the nearest position on the outermost edge of the workpiece, 
is greater than approximately 45 degrees. 
0095 9. The apparatus of claim 8 wherein said angle is 
greater than approximately 60 degrees. 
0096. 10. The apparatus of claim 3 wherein said comple 
mentary reflector configuration forms Substantially an only 
portion of the reflector arrangement that faces said work 
piece. 
0097 11. The apparatus of claim 3 wherein said comple 
mentary reflector configuration includes a plurality of reflec 
tor segments that are spaced apart therearound at least for 
reducing an overall intensity of the part of the second portion 
of illumination energy that is incident upon the peripheral 
edge region of the workpiece. 
0098 12. The apparatus of claim 11 wherein adjacent ones 
of said reflector segments are separated by a cut-away region 
of the reflector arrangement such that Some of the second 
portion of illumination energy passes uninfluenced through 
the cut-away region. 
0099. 13. The apparatus of claim 3 wherein said reflector 
arrangement is integrally formed from a quartz plate. 
0100 14. The apparatus of claim 3 wherein said comple 
mentary reflector configuration includes a frustoconical 
shape. 
0101 15. The apparatus of claim 3 wherein said work 
piece is an at least generally circular wafer and said comple 
mentary reflector configuration is at least generally circular 
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and wherein the complementary reflector configuration is a 
Surface of rotation of a line having a second order of curva 
ture. 

0102 16. The apparatus of claim3 wherein a selected one 
of said reflector arrangement and said workpiece is Supported 
for movement in a direction that is at least generally normal to 
said first major Surface for use in varying said part of the 
second portion of the illumination energy that is incident on 
the peripheral edge region of the workpiece. 
0103) 17. The apparatus of claim 16 wherein said reflector 
arrangement is configured to cooperate with said movement 
in a way that causes the second portion of illumination energy 
to be incident on a peripheral band of the peripheral edge 
region having an illumination width that varies responsive to 
said movement. 
0104. 18. The apparatus of claim 17 including a reflector 
actuator mechanism for use in moving the reflector arrange 
ment to vary said part of the second portion of the illumina 
tion energy. 
0105. 19. The apparatus of claim 18 wherein said reflector 
actuator mechanism is located in said chamberinterior, proxi 
mate to the reflector arrangement. 
0106. 20. The apparatus of claim 16 wherein said heating 
arrangement includes a pulsed energy source in a confronting 
relationship with the second major Surface of said workpiece 
for emitting a pulsed energy to Substantially instantaneously 
heat the second major Surface in a flash heating mode, in 
cooperation with heating said first major Surface using said 
illumination energy during a pre-heating interval, having a 
duration which provides for using said movement to change 
at least one characteristic of the part of the second portion of 
the illumination energy that is incident on the peripheral edge 
region during the pre-heating interval. 
0107 21. The apparatus of claim 20 wherein said one 
characteristic is a width of the part of the second portion of the 
illumination energy that is incident upon the peripheral edge 
region. 
0108) 22. The apparatus of claim 20 wherein said work 
piece includes a configuration of lateral extents and including 
a manipulation arrangement that is configured for moving the 
selected one of the workpiece and the reflector arrangement 
for use in enhancing heating uniformity across the lateral 
extents of the workpiece during said pre-heating interval and 
for moving the workpiece to a flash heating position at a flash 
heating station for receiving said pulsed energy in said flash 
heating mode and wherein said reflector arrangement, with 
the workpiece at the flash heating position, is configured to 
provide for a substantially shadow-free illumination of the 
second major Surface of the workpiece by said pulsed energy. 
0109 23. The apparatus of claim 22 wherein said manipu 
lation arrangement moves the workpiece in a pre-heating 
positional range for use in enhancing heating uniformity dur 
ing the pre-heating interval. 
0110 24. The apparatus of claim 23 wherein said flash 
heating position places said workpiece farther from said 
pulsed energy source than said pre-heating positional range. 
0111 25. The apparatus of claim 23 wherein said reflector 
arrangement is configured to cooperate with said movement 
in said pre-heating positional range to cause said part of the 
second portion of illumination energy to be incident on a 
peripheral band of the peripheral edge region having an illu 
mination width that varies responsive to said movement. 
0112 26. The apparatus of claim 23 wherein the work 
piece, at least potentially and responsive to the pulsed energy, 
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can move to an offset position from the flash heating position 
at the flash heating station and said manipulationarrangement 
is configured for movement (i) in a centering mode, with the 
Substrate located at said flash heating station, between a dis 
engaged position, that is withdrawn from said peripheral edge 
configuration of the workpiece by a predetermined distance, 
and an engaged position for use in engaging said peripheral 
edge configuration Such that movement from the disengaged 
position to the engaged position causes the workpiece to 
move from said offset position to within a centering tolerance 
from said flash heating position and (ii) for movement in a 
lifting mode to elevationally move the workpiece between the 
flash heating station and the pre-heating positional range 
above the treatment station. 
0113. 27. The apparatus of claim 26 wherein said manipu 
lation arrangement, in the lifting mode, is configured for 
raising the workpiece from the flash heating station with the 
workpiece, at least initially, within said centering tolerance 
from the flash heating position. 
0114, 28. The apparatus of claim 26 wherein said manipu 
lation arrangement is configured to lower the workpiece from 
the elevated position to the flash heating station in the lifting 
mode and, thereafter, to release the workpiece within said 
centering tolerance from the flash heating position in moving 
from the engaged position to the disengaged position in the 
centering mode. 
0115 29. The apparatus of claim 3 wherein said work 
piece is wafer-shaped having a workpiece diameter that is 
delimited by a peripheral edge to define said peripheral edge 
configuration and said reflector arrangement includes an at 
least generally annular configuration, thereby defining a cen 
tral opening with an opening width, for any given measure 
ment thereof, that is greater than said workpiece diameter, 
and said reflector arrangement is positioned, at least gener 
ally, in a concentric relationship with said peripheral edge and 
configured for reflecting at least said part of the second por 
tion of the illumination energy onto the peripheral edge 
region of said workpiece. 
0116. 30. The apparatus of claim 3 wherein said reflector 
arrangement includes a first reflector defining a first Subpart 
of said complementary reflector configuration and a second 
reflector defining a second Subpart of said complementary 
reflector configuration such that the first reflector and the 
second reflector are spaced apart in relation to one another 
and in alignment with the peripheral edge configuration of the 
workpiece to cooperatively reflect said part of the second 
portion of the illumination energy. 
0117 31. The apparatus of claim 30 including a support 
plate for Supporting said workpiece Such that the first portion 
of the illumination energy passes through said Support plate to 
reach the workpiece and wherein the first reflector is on an 
opposite side of the Support plate with respect to the second 
reflector. 
0118 32. A method for heat treating at least one generally 
planar workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge configuration Such 
that the first and second opposing Surfaces cooperate with 
said peripheral edge configuration to define a peripheral edge 
region, said method comprising: 
0119 moving the workpiece into a chamber interior that is 
defined by a processing chamber; 
0120 using a heating arrangement in thermal communi 
cation with said chamber interior and in a confronting rela 
tionship with said first major Surface for emitting an illumi 
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nation energy Such that a first portion of the illumination 
energy is directly incident upon said first major surface of the 
workpiece and a second portion of the illumination energy is 
directed so that, at least initially, the second portion would 
miss the first major Surface; and 
I0121 reflecting at least part of said second portion of the 
illumination energy, using a complementary reflector con 
figuration that forms part of a reflector arrangement Sup 
ported in the chamber interior to, thereafter, be incident 
around and onto the peripheral edge region of said workpiece, 
and configuring said complementary reflector configuration 
to have a shape that is aligned with the peripheral edge con 
figuration of the workpiece in a spaced-apart relationship 
therewith Such that a projection of at least the complementary 
reflector configuration onto a plane which includes the first 
major Surface is complementary to and outwardly spaced 
away from said peripheral edge configuration by at least a 
predetermined distance. 
0.122 33. The method of claim 32 wherein said predeter 
mined distance is approximately 3 mm. 
I0123. 34. The method of claim 32 including configuring 
said reflector arrangement to substantially limit reflector 
absorption of the second portion of illumination energy Such 
that a pre-illumination temperature of the reflector arrange 
ment is substantially maintained, irrespective of incidence of 
said second portion of said illumination energy. 
0.124 35. The method of claim 32 wherein a projection of 
the reflector arrangement onto said plane which includes the 
first major surface is complementary to and outwardly spaced 
away from said peripheral edge configuration by at least said 
predetermined distance. 
0.125 36. The method of claim 32 including configuring 
said complementary reflector configuration Such that any 
given position on the complementary reflector configuration 
is no more than approximately 15 mm from a nearest point on 
said workpiece. 
I0126) 37. The method of claim 32 including configuring 
said reflector arrangement Such that any given position on 
said reflector arrangement is spaced away from a nearest 
position on an outermost edge of said workpiece Such that an 
angle defined between a first line passing through said nearest 
position on the outermost edge and at least generally normal 
to said first major Surface, and a second line, defined between 
the given position on the reflector arrangement and the near 
est position on the outermost edge of the workpiece, is greater 
than approximately 45 degrees. 
(O127 38. The method of claim 37 wherein said angle is 
formed to be greater than approximately 60 degrees. 
I0128 39. The method of claim 32 including configuring 
said complementary reflector configuration to form Substan 
tially an only portion of the reflector arrangement that faces 
said workpiece. 
I0129 40. The method of claim 32 including configuring 
said complementary reflector configuration with a plurality of 
reflector segments that are spaced apart therearound at least 
for reducing an overall intensity of the part of the second 
portion of illumination energy that is incident upon the 
peripheral edge region of the workpiece. 
0.130 41. The method of claim 40 including separating 
adjacent ones of said reflector segments by a cut-away region 
of the reflector arrangement such that Some of the second 
portion of illumination energy passes uninfluenced through 
the cut-away region. 
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0131 42. The method of claim 32 including integrally 
forming said reflector arrangement from a quartz plate. 
0132) 43. The method of claim 32 including forming said 
complementary reflector configuration to include a frusto 
conical shape. 
0.133 44. The method of claim32 wherein said workpiece 

is an at least generally circular wafer and including configur 
ing said complementary reflector configuration to be at least 
generally circular and as a Surface of rotation of a line having 
a second order of curvature. 
0134 45. The method of claim 32 including moving a 
selected one of said reflector arrangement and said workpiece 
for in a direction that is at least generally normal to said first 
major surface for use in varying said part of the second 
portion of the illumination energy that is incident on the 
peripheral edge region of the workpiece. 
0135 46. The method of claim 45 including causing said 
reflector arrangement to cooperate with said movement Such 
that the second portion of illumination energy is incident on a 
peripheral band of the peripheral edge region having an illu 
mination width that varies responsive to said movement. 
0.136 47. The method of claim 46 including moving the 
reflector arrangement to vary, using a reflector actuator 
mechanism, said part of the second portion of the illumination 
energy. 
0.137 48. The method of claim 47 including locating said 
reflector actuator mechanism in said chamber interior, proxi 
mate to the reflector arrangement. 
0138 49. The method of claim 45 including using a pulsed 
energy source, as part of said heating arrangement, in a con 
fronting relationship with the second major Surface of said 
workpiece for emitting a pulsed energy to Substantially 
instantaneously heat the second major Surface in a flash heat 
ing mode, in cooperation with heating said first major Surface 
using said illumination energy during a pre-heating interval, 
having a duration which provides for using said movement to 
change at least one characteristic of the part of the second 
portion of the illumination energy that is incident on the 
peripheral edge region during the pre-heating interval. 
0139 50. The method of claim 49 wherein said one char 
acteristic is a width of the part of the second portion of the 
illumination energy that is incident upon the peripheral edge 
region. 
0140. 51. The method of claim 49 wherein the workpiece 
includes a configuration of lateral extents and including mov 
ing the selected one of the workpiece and the reflector 
arrangement, using a manipulation arrangement, for use in 
enhancing heating uniformity across the configuration of lat 
eral extents of the workpiece during said pre-heating interval 
and further moving the workpiece to a flash heating position 
at a flash heating station for receiving said pulsed energy in 
said flash heating mode and wherein said reflector arrange 
ment, with the workpiece at the flash heating position, is 
configured to provide for a substantially shadow-free illumi 
nation of the second major Surface of the workpiece by said 
pulsed energy. 
0141 52. The method of claim 51 wherein moving the 
workpiece is performed, using the manipulation arrange 
ment, in a pre-heating positional range for use in enhancing 
heating uniformity across the lateral extents of the workpiece 
during the pre-heating interval. 
0142. 53. The method of claim 52 wherein said flash heat 
ing position places said workpiece farther from said pulsed 
energy source than said pre-heating positional range. 
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0.143 54. The method of claim 52 including using said 
reflector arrangement to cooperate with said movement in 
said pre-heating positional range to cause said part of the 
second portion of illumination energy to be incident on a 
peripheral band of the peripheral edge region having an illu 
mination width that varies responsive to said movement. 
0144. 55. The method of claim 52 wherein the workpiece, 
at least potentially and responsive to the pulsed energy, can 
move to an offset position from the flash heating position at 
the flash heating station and configuring said manipulation 
arrangement for movement (i) in a centering mode, with the 
Substrate located at said flash heating station, between a dis 
engaged position, that is withdrawn from said peripheral edge 
configuration of the workpiece by a predetermined distance, 
and an engaged position for use in engaging said peripheral 
edge configuration Such that movement from the disengaged 
position to the engaged position causes the workpiece to 
move from said offset position to within a centering tolerance 
from said flash heating position and (ii) for movement in a 
lifting mode to elevationally move the workpiece between the 
flash heating station and pre-heating positional range above 
the treatment station. 

0145 56. The method of claim 55 including raising said 
workpiece, using said manipulationarrangement in the lifting 
mode, from the flash heating station with the workpiece, at 
least initially, within said centering tolerance from the flash 
heating position. 
0146 57. The method of claim 55 including lowering the 
workpiece from the elevated position to the flash heating 
station in the lifting mode, using said manipulation arrange 
ment and, thereafter, releasing the workpiece within said 
centering tolerance from the flash heating position in moving 
from the engaged position to the disengaged position in the 
centering mode. 
0147 58. The method of claim32 wherein said workpiece 

is wafer-shaped having a workpiece diameter that is delimited 
by a peripheral edge to define said peripheral edge configu 
ration and including configuring said reflector arrangement to 
include an at least generally annular configuration, thereby 
defining a central opening with an opening width, for any 
given measurement thereof, that is greater than said work 
piece diameter, and positioning said reflector arrangement, at 
least generally, in a concentric relationship with said periph 
eral edge, for reflecting at least said part of the second portion 
of the illumination energy onto the peripheral edge region of 
said workpiece. 
0148 59. The method of claim 32 including arranging said 
reflector arrangement to include a first reflector defining a 
first Subpart of said complementary reflector configuration 
and a second reflector defining a second subpart of said 
complementary reflector configuration and spacing the first 
reflector apart in relation to the second reflector and in align 
ment with the peripheral edge configuration of the workpiece 
to cooperatively reflect said part of the second portion of the 
illumination energy. 
0149 60. The method of claim 59 including supporting the 
workpiece on a Support plate such that the first portion of the 
illumination energy passes through said Support plate to reach 
the workpiece and positioning the first reflector on an oppo 
site side of the support plate with respect to the second reflec 
tOr. 
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0150 61. An apparatus for heat treating at least one wafer 
shaped workpiece having opposing first and second major 
Surfaces delimited by a peripheral edge, said apparatus com 
prising: 
0151 a processing chamber defining a chamber interior 
for receiving said workpiece; 
0152 a first heating arrangement in thermal communica 
tion with said chamber interior in a confronting relationship 
with said first major Surface for emitting a first illumination 
energy during a first heating mode, at least a first portion of 
which first illumination energy is directly incident on said 
first major Surface; 
0153 a second heating arrangement in thermal communi 
cation with said chamber interior in a confronting relation 
ship with said second major Surface and, in cooperation with 
emitting said first illumination energy, for emitting a second 
illumination energy that is directly incident on said second 
major Surface, during a second heating mode; and 
0154 a reflector, supported in said chamber interior, hav 
ing an annular configuration for reflecting a second portion of 
said first illumination energy, that would otherwise at least 
initially miss the first major Surface, so as to be surroundingly 
incident on a peripheral edge region of said workpiece, proxi 
mate to the peripheral edge, and providing for a substantially 
shadow-free illumination of said second major Surface by 
said second illumination energy at least during said second 
heating mode. 
0155 62. The apparatus of claim 61 including a manipu 
lation arrangement which supports said reflector for dynamic 
movement during said first heating mode to vary said second 
portion of the first illumination energy during said first heat 
ing mode by changing a relative positional relationship 
between the first heating arrangement, the reflector and the 
workpiece. 
0156 63. The apparatus of claim 61 wherein said first 
heating arrangement is configured for pre-heating the work 
piece to an intermediate temperature during a pre-heating 
interval that is longer than athermal conduction time through 
the workpiece. 
0157 64. The apparatus of claim 63 wherein said second 
heating arrangement is configured for flash heating the work 
piece during a pulse interval that is shorter than a thermal 
conduction time through the workpiece. 
0158 65. The apparatus of claim 64 including a manipu 
lation arrangement for dynamically, Vertically moving said 
workpiece withina range of positions during said first heating 
mode to cause the second portion of the first illumination 
energy to be selectively incident upon the peripheral edge 
region and for moving the workpiece between said range of 
positions and a flash heating positionata flash heating station 
that is adjacent to said range of positions such that the flash 
heating position is used in said second heating mode during 
said substantially shadow-free illumination of the second 
major Surface by said second illumination energy. 
0159 66. The apparatus of claim 65 wherein said flash 
heating position is farther from said second heating arrange 
ment than said range of positions that is used in the first 
heating mode. 
0160 67. The apparatus of claim 65 wherein said manipu 
lation arrangement is configured to move between a disen 
gaged position and an engaged position with respect to said 
workpiece, said engaged position for use invertically moving 
the workpiece between said flash heating station and said 
range of positions, and said disengaged position leaving the 

Jun. 26, 2008 

workpiece centered in said flash heating position at the flash 
heating station following delivery of the workpiece to the 
flash heating station by the manipulation arrangement and 
wherein said second illumination energy, thereafter, produces 
a Substantially instantaneous increase in a surface tempera 
ture of the second major Surface of the Substrate so as to cause 
athermally induced movement of the substrate which, at least 
potentially, produces a lateral displacement of the workpiece 
from the flash heating position and said manipulation 
arrangement is further configured for re-centering the work 
piece to within a centering tolerance from the flash heating 
position in moving from the disengaged position to the 
engaged position. 
0.161 68. The apparatus of claim 67 wherein said manipu 
lation arrangement is configured for lifting the Substrate, fol 
lowing re-centering by the manipulation arrangement, Such 
that the substrate is always lifted away from the flash heating 
station from within said centering tolerance of the flash heat 
ing position. 
0162. 69. A method for heat treating at least one wafer 
shaped workpiece having opposing first and second major 
Surfaces delimited by a peripheral edge, said method com 
prising: 
0163 moving the workpiece into a chamber interior that is 
defined by a processing chamber, 
0.164 using a first heating arrangement in thermal com 
munication with said chamber interior for emitting a first 
illumination energy in a confronting relationship with said 
first major surface during a first heating mode, at least a first 
portion of which first illumination energy is directly incident 
on said first major Surface; 
0.165 in cooperation with emitting said first illumination 
energy, using a second heating arrangement, in thermal com 
munication with said chamber interior and in a confronting 
relationship with said second major Surface, for emitting a 
second illumination energy, during a second heating mode, 
that is directly incident on said second major Surface; and 
0166 reflecting a second portion of said first illumination 
energy, that would otherwise at least initially miss the first 
major Surface, using a reflector that is Supported in said cham 
ber interior having an annular reflector configuration, so as to 
be surroundingly incident on a peripheral edge region of said 
workpiece, proximate to the peripheral edge, and providing 
for a substantially shadow-free illumination of said second 
major Surface by said second illumination energy at least 
during said second heating mode. 
0.167 70. The method of claim 69 including using a 
manipulation arrangement to support said reflector for 
dynamic movement during said first heating mode to vary 
said second portion of the first illumination energy during 
said first heating mode by changing a relative positional rela 
tionship between the first heating arrangement, the reflector 
and the workpiece. 
0168 71. The method of claim 69 including pre-heating 
the workpiece, using said first heating arrangement, to an 
intermediate temperature during a pre-heating interval that is 
longer than athermal conduction time through the workpiece. 
0169 72. The method of claim 71 including flash heating 
the workpiece, with said second heating arrangement, during 
a pulse interval that is shorter than athermal conduction time 
through the workpiece. 
0170 73. The method of claim 72 including providing a 
manipulation arrangement for dynamically, Vertically mov 
ing said workpiece within a range of positions during said first 
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heating mode to cause the second portion of the first illumi 
nation energy to be selectively incident upon the peripheral 
edge region and for moving the workpiece between said range 
of positions and a flash heating position at a flash heating 
station that is adjacent to said range of positions such that the 
flash heating position is used in said second heating mode 
during said Substantially shadow-free illumination of the sec 
ond major Surface by said second illumination energy. 
(0171 74. The method of claim 73 wherein said flash heat 
ing position is farther from said second heating arrangement 
than said range of positions that is used in the first heating 
mode. 

0172 75. The method of claim 67 including using said 
manipulation arrangement for lifting the Substrate, following 
re-centering by the manipulation arrangement. Such that the 
substrate is always lifted away from the flash heating station 
from within said centering tolerance of the flash heating posi 
tion. 

0173 76. An apparatus for heat treating at least one wafer 
shaped workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge, said apparatus 
comprising: 
0.174 a processing chamber defining a chamber interior 
for receiving said workpiece; 
0175 a first heating arrangement in thermal communica 
tion with said chamber interior for emitting a first illumina 
tion energy in a confronting relationship with said first major 
Surface during a first heating mode, a first portion of which 
first illumination energy is directly incident on said first major 
Surface and a second portion of which, at least initially, would 
miss the first major Surface; 
0176 a second heating arrangement in thermal communi 
cation with said chamber interior in a confronting relation 
ship with said second major Surface and, in cooperation with 
emitting said first heating arrangement, for emitting a second 
illumination energy, during a second heating mode, that is 
directly incident on said second major Surface; and 
0177 a reflector arrangement, supported in said chamber 
interior, having an overall shape that is complementary with 
respect to the peripheral edge configuration of said workpiece 
So as to define a complementary reflector configuration for 
reflecting at least Some of said first illumination energy 
around and onto the peripheral edge region of said workpiece 
with said reflector arrangement and said workpiece being 
mutually supported in a way which aligns the complementary 
reflector configuration with the peripheral edge configuration 
of said workpiece in a spaced-apart relationship therewith and 
to cooperatively provide for substantially shadow-free illu 
mination of said second major surface by said second illumi 
nation energy, at least during said second heating mode. 
0.178 77. A method for heat treating at least one wafer 
shaped workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge, said method com 
prising: 
0179 moving the workpiece into a chamber interior that is 
defined by a processing chamber; 
0180 using a first heating arrangement in thermal com 
munication with said chamber interior for emitting a first 
illumination energy in a confronting relationship with said 
first major Surface during a first heating mode, a first portion 
of which first illumination energy is directly incident on said 
first major Surface and a second portion of which, at least 
initially, would miss the first major Surface; 
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0181 in cooperation with emitting said first illumination 
energy, using a second heating arrangement, in thermal com 
munication with said chamber interior and in a confronting 
relationship with said second major Surface, for emitting a 
second illumination energy, during a second heating mode, 
that is directly incident on said second major Surface; and 
0182 reflecting at least some of said first illumination 
energy around and onto the peripheral edge region of said 
workpiece using a reflector arrangement, Supported in said 
chamber interior, having an overall shape that is complemen 
tary with respect to the peripheral edge configuration of said 
workpiece so as to define a complementary reflector configu 
ration with said reflector arrangement and said workpiece 
mutually supported in a way which aligns the complementary 
reflector configuration with the peripheral edge configuration 
of said workpiece in a spaced-apart relationship therewith and 
to cooperatively provide for substantially shadow-free illu 
mination of said second major surface by said second illumi 
nation energy, at least during said second heating mode. 
0183 78. An apparatus for heat treating at least one sub 
strate having opposing first and second major Surfaces which 
define a configuration of lateral extents of the substrate that is 
delimited by a peripheral edge configuration, said apparatus 
comprising: 
0.184 a processing chamber defining a chamber interior 
for receiving said Substrate; 
0185 a first heating configuration in thermal communica 
tion with said chamber interior for emitting a pre-heating 
irradiance for inducing a bulk temperature rise of said work 
piece progressively during a preheating interval Such that 
changing a relative positional relationship, between the Sub 
strate and the first heating configuration, changes an intensity 
profile of the pre-heating irradiance across the lateral extents 
of the substrate; 
0186 a manipulation arrangement for elevationally mov 
ing said substrate during said preheating interval to change 
the intensity profile of the pre-heating irradiance across the 
lateral extents of the Substrate in a way which enhances uni 
formity of said bulk temperature increase across the configu 
ration of lateral extents of the substrate and for moving the 
Substrate to a treatment position at a treatment station for 
exposure to a flash irradiance; and 
0187 a second heating configuration in thermal commu 
nication with said chamber interior for emitting said flash 
irradiance to produce a substantially instantaneous increase 
in a surface temperature of a selected one of said first and 
second major Surfaces of the Substrate. 
0188 79. The apparatus of claim 78 wherein said flash 
irradiance causes a thermally induced movement of the Sub 
strate and wherein said manipulation arrangement is config 
ured for Supporting said Substrate, during exposure to said 
flash irradiance, using a Support configuration that is posi 
tionally fixed. 
(0189 80. The apparatus of claim 78 wherein said flash 
irradiance, at least potentially, produces a lateral displace 
ment of the Substrate from said treatment position and said 
manipulation arrangement is further configured for re-center 
ing the Substrate to the treatment position within a centering 
tolerance therefrom. 
0.190 81. The apparatus of claim 78 further comprising a 
sensing arrangement for measuring a temperature differential 
that characterizes an edge temperature of the workpiece as 
compared to a central region of the workpiece and wherein 
said manipulation arrangement is configured to elevationally 
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move the workpiece responsive to the temperature differen 
tial to change the intensity profile of the pre-heating irradi 
ance across the lateral extents of the Substrate. 
0191 82. The apparatus of claim 78 wherein said first 
heating configuration includes a reflector arrangement, Sup 
ported in said chamber interior having a shape that is comple 
mentary with respect to the peripheral edge configuration of 
said Substrate so as to define a complementary reflector con 
figuration, said reflector arrangement and said Substrate being 
mutually supported in a way which aligns the complementary 
reflector configuration with the peripheral edge configuration 
of said substrate in a spaced-apart relationship therewith for 
causing at least a portion of the pre-heating irradiance which 
would, at least initially, miss the substrate, to be reflected by 
said complementary reflector configuration and to, thereafter, 
be incident around and onto the peripheral edge region of said 
workpiece Such that elevationally moving said Substrate dur 
ing said preheating interval changes the intensity profile of 
the pre-heating irradiance across the lateral extents of the 
substrate. 
0.192 83. The apparatus of claim 82 wherein a projection 
of at least the complementary reflector configuration onto a 
plane which includes the first major surface of the substrate is 
complementary to and outwardly spaced away from said 
peripheral edge configuration by at least a predetermined 
distance. 
0193 84. A method for heat treating at least one substrate 
having opposing first and second major Surfaces which define 
a configuration of lateral extents of the substrate that is delim 
ited by a peripheral edge configuration, said method compris 
ing: 
0194 moving the substrate into a chamber interior that is 
defined by a processing chamber; 
0.195 emitting a pre-heating irradiance into said chamber 
interior, using a first heating configuration, for use in inducing 
a bulk temperature rise of said workpiece progressively dur 
ing a preheating interval Such that changing a relative posi 
tional relationship, between the substrate and the first heating 
configuration, changes an intensity profile of the pre-heating 
irradiance across the lateral extents of the substrate; 
0.196 elevationally moving said substrate during said pre 
heating interval, using a manipulation arrangement, to 
change the intensity profile of the pre-heating irradiance 
across the lateral extents of the substrate in a way which 
enhances uniformity of said bulk temperature increase across 
the configuration of lateral extents of the substrate and for 
moving the Substrate to a treatment position at a treatment 
station for exposure to a flash irradiance; and 
0197) emitting said flash irradiance, using a second heat 
ing configuration, to produce a Substantially instantaneous 
increase in a Surface temperature of a selected one of said first 
and second major Surfaces of the Substrate. 
0198 85. The method of claim 84 wherein said flash irra 
diance causes a thermally induced movement of the Substrate 
and configuring said manipulation arrangement for Support 
ing said Substrate, during exposure to said flash irradiance, 
using a Support configuration that is positionally fixed. 
(0199 86. The method of claim 84 wherein said flash irra 
diance, at least potentially, produces a lateral displacement of 
the Substrate from said treatment position and re-centering 
the Substrate to the treatment position within a centering 
tolerance therefrom using the manipulation arrangement. 
0200 87. The method of claim 84 including providing a 
sensing arrangement for measuring a temperature differential 
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that characterizes an edge temperature of the workpiece as 
compared to a central region of the workpiece and using said 
manipulation arrangement to elevationally move the work 
piece responsive to the temperature differential to change the 
intensity profile of the pre-heating irradiance across the lat 
eral extents of the substrate. 

0201 88. The method of claim 84 including configuring 
said first heating configuration to include a reflector arrange 
ment, Supported in said chamber interior having a shape that 
is complementary with respect to the peripheral edge con 
figuration of said Substrate so as to define a complementary 
reflector configuration, said reflector arrangement and said 
Substrate being mutually Supported in a way which aligns the 
complementary reflector configuration with the peripheral 
edge configuration of said Substrate in a spaced-apart rela 
tionship therewith for causing at least a portion of the pre 
heating irradiance which would, at least initially, miss the 
substrate, to be reflected by said complementary reflector 
configuration and to, thereafter, be incident around and onto 
the peripheral edge region of said workpiece Such that eleva 
tionally moving said Substrate during said preheating interval 
changes the intensity profile of the pre-heating irradiance 
across the lateral extents of the substrate. 

0202) 89. The method of claim 88 wherein a projection of 
at least the complementary reflector configuration onto a 
plane which includes the first major surface of the substrate is 
complementary to and outwardly spaced away from said 
peripheral edge configuration by at least a predetermined 
distance. 
0203 90. An apparatus for manipulating a substrate that is 
to be exposed to a treatment process at a treatment station 
Such that the Substrate, at least potentially and responsive to 
the treatment process, can move to an offset position from a 
desired, treatment position at the treatment station, said appa 
ratus comprising: 
0204 a manipulation arrangement configured for move 
ment (i) in a centering mode, with the Substrate located on 
said treatment station, between a disengaged position, that is 
withdrawn from said Substrate, and an engaged position for 
use in contacting said Substrate such that movement from the 
disengaged position to the engaged position causes the Sub 
strate to move from said offset position to within a centering 
tolerance from said treatment position and (ii) for movement 
in a lifting mode to elevationally move the substrate between 
the treatment station and at least one elevated position above 
the treatment station. 

0205 91. The apparatus of claim 90 wherein said substrate 
includes a peripheral edge configuration and said manipula 
tion arrangement, in the disengaged position, is withdrawn 
from the peripheral edge configuration by a predetermined 
distance and, in the engaged position, said manipulation 
arrangement engages the peripheral edge configuration of the 
substrate to move the substrate from the offset position to 
within the centering tolerance of the treatment position. 
0206 92. The apparatus of claim 91 wherein said manipu 
lation arrangement includes at least three centering fingers for 
engaging a set of spaced apart locations around the peripheral 
edge configuration of said Substrate in the centering mode to 
cooperatively move the substrate from the offset position to 
within the centering tolerance of the treatment position. 
0207 93. The apparatus of claim 92 wherein said center 
ing fingers are Supported to resiliently urge the Substrate to 
said centered position during the centering mode. 
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0208 94. The apparatus of claim 93 wherein said center 
ing fingers include a free end that extends toward the periph 
eral edge configuration of the Substrate for contacting the 
peripheral edge configuration. 
0209 95. The apparatus of claim 94 wherein said manipu 
lation arrangement includes at least three lifting arms such 
that at least one of the lifting arms is arranged adjacent to one 
of the centering fingers for cooperatively elevationally mov 
ing the Substrate in said lifting mode. 
0210 96. The apparatus of claim 95 wherein said periph 
eral edge configuration of the Substrate delimits a lowermost 
major Surface of the Substrate and wherein each lifting arm 
defines a lifting end which projects outward with respect to 
the free end of its associated centering finger in the centering 
mode so as to cooperatively move below the lowermost major 
Surface of the Substrate in a spaced apart relationship there 
with as the centering fingers engage the peripheral edge con 
figuration of the substrate to move the substrate from the 
offset position to within said centering tolerance of the treat 
ment position and, thereafter, in said lifting mode, the lifting 
ends move upward thereby engaging the lowermost major 
surface to raise the substrate above the treatment station. 
0211 97. The apparatus of claim 96 wherein said lifting 
end projects beyond the free end of its associated centering 
finger by a lifting end length that is greater than said centering 
tolerance such that the lifting end extends beneath the sub 
strate by no more than said lifting end length during said 
lifting mode for any one of the lifting arms. 
0212 98. The apparatus of claim 97 wherein said lifting 
end projects no more than approximately 0.5 mm beyond said 
free end of the associated centering finger. 
0213 99. The apparatus of claim 97 wherein said center 
ing tolerance is, at least approximately, 1 mm. 
0214 100. The apparatus of claim 97 wherein said sub 
strate includes a device area that is spaced inward from said 
peripheral edge configuration by an unusable margin having 
a margin width and wherein said lifting end length is less than 
said margin width Such that the Substrate is lifted using said 
unusable margin. 
0215 101. The apparatus of claim 90 wherein said 
manipulation arrangement, in the lifting mode, is configured 
for raising the substrate from the treatment station with the 
Substrate, at least initially, within said centering tolerance 
from the treatment position. 
0216 102. The apparatus of claim 90 wherein said 
manipulation arrangement is configured to lower the Sub 
strate from the elevated position to the treatment station and, 
thereafter, to release the substrate within said centering tol 
erance from the treatment position in moving from the 
engaged position to the disengaged position. 
0217 103. The apparatus of claim 90 wherein said 
manipulation arrangement is operable in said centering mode 
without a requirement to use said lifting mode. 
0218 104. A method for manipulating a substrate that is to 
be exposed to a treatment process at a treatment station Such 
that the Substrate, at least potentially and responsive to the 
treatment process, can move to an offset position from a 
desired, treatment position at the treatment station, said 
method comprising: 
0219 using a manipulation arrangement, engaging said 
peripheral edge configuration, in a centering mode, to cause 
the substrate to move from said offset position to within a 
centering tolerance from said treatment position and, there 
after, elevationally moving the Substrate, in a lifting mode, 

Jun. 26, 2008 

between the treatment station and at least one elevated posi 
tion above the treatment station. 

0220 105. The method of claim 104 wherein said sub 
strate includes a peripheral edge configuration and configur 
ing said manipulation arrangement for movement from the 
disengaged position, withdrawn from the peripheral edge 
configuration by a predetermined distance, to the engaged 
position to engage the peripheral edge configuration of the 
substrate thereby moving the substrate from the offset posi 
tion to within the centering tolerance of the treatment posi 
tion. 

0221 106. The method of claim 105 including using at 
least three centering fingers, as part of the manipulation 
arrangement, for engaging a set of spaced apart locations 
around the peripheral edge configuration of said Substrate in 
the centering mode to cooperatively move the Substrate from 
the offset position to within the centering tolerance of the 
treatment position. 
0222 107. The method apparatus of claim 106 including 
resiliently supporting said centering fingers for resiliently 
urging the Substrate to said centered position during the cen 
tering mode. 
0223 108. The method of claim 107 including configuring 
said centering fingers to include a free end that extends toward 
the peripheral edge configuration of the Substrate for contact 
ing the peripheral edge configuration. 
0224 109. The method of claim 108 including using at 
least three lifting arms, as part of said manipulation arrange 
ment, such that at least one of the lifting arms is arranged 
adjacent to one of the centering fingers for cooperatively 
elevationally moving the Substrate in said lifting mode. 
0225. 110. The method of claim 109 wherein said periph 
eral edge configuration of the Substrate delimits a lowermost 
major Surface of the Substrate and including defining a lifting 
end of each lifting arm to project outward with respect to the 
free end of its associated centering finger in the centering 
mode so as to cooperatively move below the lowermost major 
Surface of the Substrate in a spaced apart relationship there 
with as the centering fingers engage the peripheral edge con 
figuration of the substrate to move the substrate from the 
offset position to within said centering tolerance of the treat 
ment position and, thereafter, in said lifting mode, the lifting 
ends move upward thereby engaging the lowermost major 
surface to raise the substrate above the treatment station. 

0226 111. The method of claim 110 wherein said lifting 
end is configured to project beyond the free end of its asso 
ciated centering finger by a lifting end length that is greater 
than said centering tolerance such that the lifting end extends 
beneath the substrate by no more than said lifting end length 
during said lifting mode for any one of the lifting arms. 
0227 112. The method of claim 111 wherein said lifting 
end projects no more than approximately 0.5 mm beyond said 
free end of the associated centering finger. 
0228. 113. The method of claim 111 wherein said center 
ing tolerance is, at least and approximately, 1 mm. 
0229. 114. The method of claim 111 wherein said sub 
strate includes a device area that is spaced inward from said 
peripheral edge configuration by an unusable margin having 
a margin width and wherein said lifting end length is less than 
said margin width such that the Substrate is lifted using said 
unusable margin. 
0230. 115. The method of claim 104 including using the 
manipulation arrangement to raise the Substrate from the 
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treatment station, in the lifting mode, having the Substrate, at 
least initially, within said centering tolerance from the treat 
ment position. 
0231. 116. The method of claim 104 including lowering 
the substrate from the elevated position to the treatment sta 
tion, using the manipulation arrangement and, thereafter, 
releasing the Substrate within said centering tolerance from 
the treatment position by moving the manipulation from an 
engaged position with said peripheral edge configuration to a 
disengaged position in a spaced apart relationship from the 
peripheral edge configuration. 
0232) 117. The method of claim 104 including using said 
manipulation arrangement in said centering mode without a 
requirement to use said lifting mode. 
0233 118. An apparatus for manipulating a substrate that 

is to be exposed to a treatment process at a treatment station 
Such that the Substrate, at least potentially and responsive to 
the treatment process, can move to an offset position from a 
desired, treatment position at the treatment station, said Sub 
strate including a peripheral edge configuration, said appara 
tus comprising: 
0234 a manipulation arrangement for movement, with the 
Substrate located on said treatment station, between a disen 
gaged position, that is withdrawn from said peripheral edge 
configuration of the Substrate by a predetermined distance, 
and an engaged position for use in engaging said peripheral 
edge configuration Such that movement from the disengaged 
position to the engaged position causes the Substrate to move 
from said offset position to within a centering tolerance from 
said treatment position. 
0235 119. A method for manipulating a substrate that is to 
be exposed to a treatment process at a treatment station Such 
that the Substrate, at least potentially and responsive to the 
treatment process, can move to an offset position from a 
desired, treatment position at the treatment station, said Sub 
strate including a peripheral edge configuration, said method 
comprising: 
0236 configuring a manipulation arrangement for move 
ment, with the Substrate located on said treatment station, 
between a disengaged position, that is withdrawn from said 
peripheral edge configuration of the Substrate by a predeter 
mined distance, and an engaged position for use in engaging 
said peripheral edge configuration Such that movement from 
the disengaged position to the engaged position causes the 
substrate to move from said offset position to within a cen 
tering tolerance from said treatment position. 
0237 Although each of the aforedescribed physical 
embodiments have been illustrated with various components 
having particular respective orientations, it should be under 
stood that the present invention may take on a variety of 
specific configurations with the various components being 
located in a wide variety of positions and mutual orientations. 
Furthermore, the methods described herein may be modified 
in an unlimited number of ways, for example, by reordering 
the various sequences of which they are made up. Therefore, 
the present examples are to be considered as illustrative and 
not restrictive, and the invention is not to be limited to the 
details given herein but may be modified within the scope of 
the appended claims. 

1. An apparatus for performing thermal processing of at 
least one workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge which defines a 
workpiece diameter Such that the first and second opposing 
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Surfaces cooperate with said peripheral edge to define a 
peripheral edge region, said apparatus comprising: 

a processing chamber defining a chamber interior for 
receiving said workpiece; 

aheating arrangement in thermal communication with said 
chamber interior and in a confronting relationship with 
said first major surface for emitting an irradiance energy 
Such that a first portion of the irradiance energy is 
directly incident upon said first major Surface of the 
workpiece and a second portion of the irradiance energy 
is directed Such that, at least initially, the second portion 
would miss the first major Surface; and 

a reflector Supported in said chamber interior having an at 
least generally annular configuration thereby defining a 
central opening with an opening width, for any given 
measurement thereof, that is greater than said workpiece 
diameter, and said reflector is arranged, at least gener 
ally, in a concentric relationship with said peripheral 
edge and configured for reflecting at least some of said 
second portion of the irradiance energy onto the periph 
eral edge region of said workpiece. 

2. An apparatus for heat treating at least one generally 
planar workpiece having opposing first and second major 
Surfaces Surrounded by a peripheral edge configuration Such 
that the first and second opposing Surfaces cooperate with 
said peripheral edge configuration to define a peripheral edge 
region, said apparatus comprising: 

a processing chamber defining a chamber interior for 
receiving said Workpiece; 

aheating arrangement in thermal communication with said 
chamber interior and in a confronting relationship with 
said first major surface for emitting an irradiance energy 
Such that a first portion of the irradiance energy is 
directly incident upon said first major Surface of the 
workpiece and a second portion of the irradiance energy 
is directed Such that, at least initially, the second portion 
would miss the first major Surface; and 

a reflector arrangement, Supported in said chamber interior 
having a shape that is complementary with respect to the 
peripheral edge configuration of said workpiece so as to 
define a complementary reflector configuration, said 
reflector arrangement and said workpiece being mutu 
ally supported in a way which aligns the complementary 
reflector configuration with the peripheral edge configu 
ration of said workpiece in a spaced-apart relationship 
therewith for causing at least part of said second portion 
of the irradiance energy to be reflected by said comple 
mentary reflector configuration and to, thereafter, be 
incident around and onto the peripheral edge region of 
said workpiece and a projection of at least the comple 
mentary reflector configuration onto a plane which 
includes the first major Surface is complementary to and 
outwardly spaced away from said peripheral edge con 
figuration by at least a predetermined distance. 

3. The apparatus of claim 2 wherein said predetermined 
distance is approximately 3 mm. 

4. The apparatus of claim 2 wherein said reflector arrange 
ment is configured to substantially limit reflector absorption 
of the second portion of irradiance energy Such that a pre 
irradiance temperature of the reflector arrangement is Sub 
stantially maintained, irrespective of incidence of said second 
portion of said illumination energy. 

5. The apparatus of claim 2 wherein a projection of the 
reflector arrangement onto said plane which includes the first 
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major surface is complementary to and outwardly spaced 
away from said peripheral edge configuration by at least said 
predetermined distance. 

6. The apparatus of claim 2 wherein any given position on 
said complementary reflector configuration is no more than 
approximately 15 mm from a nearest point on said workpiece. 

7. The apparatus of claim 2 wherein any given position on 
said reflector arrangement is spaced away from a nearest 
position on an outermost edge of said workpiece Such that an 
angle defined between a first line passing through said nearest 
position on the outermost edge and at least generally normal 
to said first major Surface, and a second line, defined between 
the given position on the reflector arrangement and the near 
est position on the outermost edge of the workpiece, is greater 
than approximately 45 degrees. 

8. The apparatus of claim 7 wherein said angle is greater 
than approximately 60 degrees. 

9. The apparatus of claim 2 wherein said complementary 
reflector configuration forms Substantially an only portion of 
the reflector arrangement that faces said workpiece. 

10. The apparatus of claim 2 wherein said complementary 
reflector configuration includes a plurality of reflector seg 
ments that are spaced apart therearound at least for reducing 
an overall intensity of the part of the second portion of irra 
diance energy that is incident upon the peripheral edge region 
of the workpiece. 

11. The apparatus of claim 10 wherein adjacent ones of said 
reflector segments are separated by a cut-away region of the 
reflector arrangement such that some of the second portion of 
irradiance energy passes uninfluenced through the cut-away 
region. 

12. The apparatus of claim 2 wherein said reflector 
arrangement is integrally formed from a quartz plate. 

13. The apparatus of claim 2 wherein said complementary 
reflector configuration includes a frustoconical shape. 

14. The apparatus of claim 2 wherein said workpiece is an 
at least generally circular wafer and said complementary 
reflector configuration is at least generally circular and 
wherein the complementary reflector configuration is a Sur 
face of rotation of a line having a second order of curvature. 

15. The apparatus of claim 2 wherein a selected one of said 
reflector arrangement and said workpiece is Supported for 
movement in a direction that is at least generally normal to 
said first major Surface for use in varying said part of the 
second portion of the irradiance energy that is incident on the 
peripheral edge region of the workpiece. 

16. The apparatus of claim 15 wherein said reflector 
arrangement is configured to cooperate with said movement 
in a way that causes the second portion of irradiance energy to 
be incident on a peripheral band of the peripheral edge region 
having an irradiance width that varies responsive to said 
moVement. 

17. The apparatus of claim 16 including a reflector actuator 
mechanism for use in moving the reflector arrangement to 
vary said part of the second portion of the irradiance energy. 

18. The apparatus of claim 16 wherein said reflector actua 
tor mechanism is located in said chamber interior, proximate 
to the reflector arrangement. 

19. The apparatus of claim 15 wherein said heating 
arrangement includes a pulsed energy source in a confronting 
relationship with the second major Surface of said workpiece 
for emitting a pulsed energy to Substantially instantaneously 
heat the second major Surface in a flash heating mode, in 
cooperation with heating said first major Surface using said 
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irradiance energy during a pre-heating interval, having a 
duration which provides for using said movement to change 
at least one characteristic of the part of the second portion of 
the irradiance energy that is incident on the peripheral edge 
region during the pre-heating interval. 

20. The apparatus of claim 19 wherein said one character 
istic is a width of the part of the second portion of the irradi 
ance energy that is incident upon the peripheral edge region. 

21. The apparatus of claim 19 wherein said workpiece 
includes a configuration of lateral extents and including a 
manipulation arrangement that is configured for moving the 
selected one of the workpiece and the reflector arrangement 
for use in enhancing heating uniformity across the lateral 
extents of the workpiece during said pre-heating interval and 
for moving the workpiece to a flash heating position at a flash 
heating station for receiving said pulsed energy in said flash 
heating mode and wherein said reflector arrangement, with 
the workpiece at the flash heating position, is configured to 
provide for a substantially shadow-free irradiance of the sec 
ond major Surface of the workpiece by said pulsed energy. 

22. The apparatus of claim 21 wherein said manipulation 
arrangement moves the workpiece in a pre-heating positional 
range for use in enhancing heating uniformity during the 
pre-heating interval. 

23. The apparatus of claim 22 wherein said flash heating 
position places said workpiece farther from said pulsed 
energy source than said pre-heating positional range. 

24. The apparatus of claim 22 wherein said reflector 
arrangement is configured to cooperate with said movement 
in said pre-heating positional range to cause said part of the 
second portion of irradiance energy to be incident on a periph 
eral band of the peripheral edge region having an irradiance 
width that varies responsive to said movement. 

25. The apparatus of claim 22 wherein the workpiece, at 
least potentially and responsive to the pulsed energy, can 
move to an offset position from the flash heating position at 
the flash heating station and said manipulation arrangement is 
configured for movement (i) in a centering mode, with the 
Substrate located at said flash heating station, between a dis 
engaged position, that is withdrawn from said peripheral edge 
configuration of the workpiece by a predetermined distance, 
and an engaged position for use in engaging said peripheral 
edge configuration Such that movement from the disengaged 
position to the engaged position causes the workpiece to 
move from said offset position to within a centering tolerance 
from said flash heating position and (ii) for movement in a 
lifting mode to elevationally move the workpiece between the 
flash heating station and the pre-heating positional range 
above the treatment station. 

26. The apparatus of claim 25 wherein said manipulation 
arrangement, in the lifting mode, is configured for raising the 
workpiece from the flash heating station with the workpiece, 
at least initially, within said centering tolerance from the flash 
heating position. 

27. The apparatus of claim 25 wherein said manipulation 
arrangement is configured to lower the workpiece from the 
elevated position to the flash heating station in the lifting 
mode and, thereafter, to release the workpiece within said 
centering tolerance from the flash heating position in moving 
from the engaged position to the disengaged position in the 
centering mode. 

28. The apparatus of claim 2 wherein said workpiece is 
wafer-shaped having a workpiece diameter that is delimited 
by a peripheral edge to define said peripheral edge configu 
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ration and said reflector arrangement includes an at least 
generally annular configuration, thereby defining a central 
opening with an opening width, for any given measurement 
thereof, that is greater than said workpiece diameter, and said 
reflector arrangement is positioned, at least generally, in a 
concentric relationship with said peripheral edge and config 
ured for reflecting at least said part of the second portion of 
the irradiance energy onto the peripheral edge region of said 
workpiece. 

29. The apparatus of claim 2 wherein said reflector 
arrangement includes a first reflector defining a first Subpart 
of said complementary reflector configuration and a second 
reflector defining a second Subpart of said complementary 
reflector configuration such that the first reflector and the 
second reflector are spaced apart in relation to one another 
and in alignment with the peripheral edge configuration of the 
workpiece to cooperatively reflect said part of the second 
portion of the irradiance energy. 

30. The apparatus of claim 29 including a support plate for 
Supporting said workpiece such that the first portion of the 
irradiance energy passes through said Support plate to reach 
the workpiece and wherein the first reflector is on an opposite 
side of the support plate with respect to the second reflector. 

31. An apparatus for heat treating at least one wafer-shaped 
workpiece having opposing first and second major Surfaces 
delimited by a peripheral edge, said apparatus comprising: 

a processing chamber defining a chamber interior for 
receiving said workpiece; 

a first heating arrangement in thermal communication with 
said chamber interior in a confronting relationship with 
said first major Surface for emitting a first irradiance 
energy during a first heating mode, at least a first portion 
of which first irradiance energy is directly incident on 
said first major Surface; 

a second heating arrangement in thermal communication 
with said chamber interior in a confronting relationship 
with said second major Surface and, in cooperation with 
emitting said first irradiance energy, for emitting a sec 
ond irradiance energy that is directly incident on said 
second major Surface, during a second heating mode; 
and 

a reflector, Supported in said chamber interior, having an 
annular configuration for reflecting a second portion of 
said first irradiance energy, that would otherwise at least 
initially miss the first major Surface, so as to be Sur 
roundingly incident on a peripheral edge region of said 
workpiece, proximate to the peripheral edge, and pro 
viding for a substantially shadow-free irradiance of said 
second major Surface by said second irradiance energy at 
least during said second heating mode. 

32. The apparatus of claim 31 including a manipulation 
arrangement which Supports said reflector for dynamic move 
ment during said first heating mode to vary said second por 
tion of the first irradiance energy during said first heating 
mode by changing a relative positional relationship between 
the first heating arrangement, the reflector and the workpiece. 

33. The apparatus of claim 31 wherein said first heating 
arrangement is configured for pre-heating the workpiece to an 
intermediate temperature during a pre-heating interval that is 
longer than athermal conduction time through the workpiece. 

34. The apparatus of claim 33 wherein said second heating 
arrangement is configured for flash heating the workpiece 
during a pulse interval that is shorter than a thermal conduc 
tion time through the workpiece. 
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35. The apparatus of claim 34 including a manipulation 
arrangement for dynamically, vertically moving said work 
piece within a range of positions during said first heating 
mode to cause the second portion of the first irradiance energy 
to be selectively incident upon the peripheral edge region and 
for moving the workpiece between said range of positions and 
a flash heating position at a flash heating station that is adja 
cent to said range of positions such that the flash heating 
position is used in said second heating mode during said 
Substantially shadow-free irradiance of the second major Sur 
face by said second irradiance energy. 

36. The apparatus of claim 35 wherein said flash heating 
position is farther from said second heating arrangement than 
said range of positions that is used in the first heating mode. 

37. The apparatus of claim 35 wherein said manipulation 
arrangement is configured to move between a disengaged 
position and an engaged position with respect to said work 
piece, said engaged position for use in Vertically moving the 
workpiece between said flash heating station and said range 
of positions, and said disengaged position leaving the work 
piece centered in said flash heating position at the flash heat 
ing station following delivery of the workpiece to the flash 
heating station by the manipulation arrangement and wherein 
said second irradiance energy, thereafter, produces a Substan 
tially instantaneous increase in a Surface temperature of the 
second major surface of the Substrate so as to cause a ther 
mally induced movement of the substrate which, at least 
potentially, produces a lateral displacement of the workpiece 
from the flash heating position and said manipulation 
arrangement is further configured for re-centering the work 
piece to within a centering tolerance from the flash heating 
position in moving from the disengaged position to the 
engaged position. 

38. The apparatus of claim 37 wherein said manipulation 
arrangement is configured for lifting the Substrate, following 
re-centering by the manipulation arrangement, Such that the 
substrate is always lifted away from the flash heating station 
from within said centering tolerance of the flash heating posi 
tion. 

39. An apparatus for heat treating at least one wafer-shaped 
workpiece having opposing first and second major Surfaces 
Surrounded by a peripheral edge, said apparatus comprising: 

a processing chamber defining a chamber interior for 
receiving said workpiece; 

a first heating arrangement in thermal communication with 
said chamber interior for emitting a first irradiance 
energy in a confronting relationship with said first major 
Surface during a first heating mode, a first portion of 
which first irradiance energy is directly incident on said 
first major Surface and a second portion of which, at least 
initially, would miss the first major Surface; 

a second heating arrangement in thermal communication 
with said chamber interior in a confronting relationship 
with said second major Surface and, in cooperation with 
emitting said first heating arrangement, for emitting a 
second irradiance energy, during a second heating mode, 
that is directly incident on said second major Surface; 
and 

a reflector arrangement, Supported in said chamberinterior, 
having an overall shape that is complementary with 
respect to the peripheral edge configuration of said 
workpiece so as to define a complementary reflector 
configuration for reflecting at least Some of said first 
irradiance energy around and onto the peripheral edge 
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region of said workpiece with said reflector arrangement 
and said workpiece being mutually supported in a way 
which aligns the complementary reflector configuration 
with the peripheral edge configuration of said workpiece 
in a spaced-apart relationship therewith and to coopera 
tively provide for substantially shadow-free irradiance 
of said second major surface by said second irradiance 
energy, at least during said second heating mode. 

40. An apparatus for heat treating at least one substrate 
having opposing first and second major Surfaces which define 
a configuration of lateral extents of the substrate that is delim 
ited by a peripheral edge configuration, said apparatus com 
prising: 

a processing chamber defining a chamber interior for 
receiving said Substrate; 

a first heating configuration in thermal communication 
with said chamber interior for emitting a pre-heating 
irradiance for inducing a bulk temperature rise of said 
workpiece progressively during a preheating interval 
Such that changing a relative positional relationship, 
between the Substrate and the first heating configuration, 
changes an intensity profile of the pre-heating irradiance 
across the lateral extents of the substrate; 

a manipulation arrangement for elevationally moving said 
Substrate during said preheating interval to change the 
intensity profile of the pre-heating irradiance across the 
lateral extents of the substrate in a way which enhances 
uniformity of said bulk temperature increase across the 
configuration of lateral extents of the substrate and for 
moving the Substrate to a treatment position at a treat 
ment station for exposure to a flash irradiance; and 

a second heating configuration in thermal communication 
with said chamber interior for emitting said flash irradi 
ance to produce a Substantially instantaneous increase in 
a surface temperature of a selected one of said first and 
second major Surfaces of the Substrate. 

41. The apparatus of claim 40 wherein said flash irradiance 
causes a thermally induced movement of the Substrate and 
wherein said manipulationarrangement is configured for Sup 
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porting said Substrate, during exposure to said flash irradi 
ance, using a Support configuration that is positionally fixed. 

42. The apparatus of claim 40 wherein said flash irradiance, 
at least potentially, produces a lateral displacement of the 
Substrate from said treatment position and said manipulation 
arrangement is further configured for re-centering the Sub 
strate to the treatment position within a centering tolerance 
therefrom. 

43. The apparatus of claim 40 further comprising a sensing 
arrangement for measuring a temperature differential that 
characterizes an edge temperature of the workpiece as com 
pared to a central region of the workpiece and wherein said 
manipulation arrangement is configured to elevationally 
move the workpiece responsive to the temperature differen 
tial to change the intensity profile of the pre-heating irradi 
ance across the lateral extents of the Substrate. 

44. The apparatus of claim 40 wherein said first heating 
configuration includes a reflector arrangement, Supported in 
said chamber interior having a shape that is complementary 
with respect to the peripheral edge configuration of said Sub 
strate so as to define a complementary reflector configuration, 
said reflector arrangement and said Substrate being mutually 
Supported in a way which aligns the complementary reflector 
configuration with the peripheral edge configuration of said 
Substrate in a spaced-apart relationship therewith for causing 
at least a portion of the pre-heating irradiance which would, at 
least initially, miss the substrate, to be reflected by said 
complementary reflector configuration and to, thereafter, be 
incident around and onto the peripheral edge region of said 
workpiece such that elevationally moving said substrate dur 
ing said preheating interval changes the intensity profile of 
the pre-heating irradiance across the lateral extents of the 
substrate. 

45. The apparatus of claim 44 wherein a projection of at 
least the complementary reflector configuration onto a plane 
which includes the first major surface of the substrate is 
complementary to and outwardly spaced away from said 
peripheral edge configuration by at least a predetermined 
distance. 


